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GENERAL INTRODUCTION 


American Chcrnwjal Society Series of 
Scientific and Te(fhnologi(i jMoiiographs 

By amingcmcnt with ilia {ntcralliod Confcmjcc of Pure and 
Applied ('hemistry, which mot in London and Brussels in July, 
1919, the Amerioan (Ihomical v^oou'ty was to undortake the pro- 
duction and })uhfioation of Sciontifio jind Technologic Mono- 
graphs on cheinical subjects. At th(' s:une time it was agreed 
that the National R(‘S(‘arch Council, in coiiperation with the 
American Chemical Sociofy and the Anicrjcan Physical Society, 
should undertake tlic production and ])ublication of Critical 
Tables of Chemical and Physical Constants. Tlu* American 
Chemical Society and the National llesc'arch (\mncil mutually 
agreed to care ^or these two fields of ch('mical (h'\a*]opment. 
The American Chemical Society named as J’rusti'es, to make 
the necessary arrangements for the publif-ation of th(' mono- 
graphs, Cdiarles L. Parsons, Secretary of (he American Chemical 
Society, Washington, D. (•.; John Jv Tee])le, Treasurer of the 
American (du'mical Society, New York City; and Professor 
Cellcrt Alh'inan of Swarthmore College, ['ho Trustees have 
arranged for the publication of the American (diemical Society 
scries of (a) Scientific and (b) T(*chnologic Monographs by the 
Chemical Catalog ('ompany of New York ('ity. 

The Council, a(‘ting through the Committee on National Policy 
of thc.Am(Tican Chemical Society, appointed the editors, named 
at the close of this introduction, to have charge of se(!urhig 
authors, and of considering critically the manuscripts prepared. 
The editors of each series will endeavor to select topics which 
arc of current interest and authors who are recognized as author- 
ities in their respective lields. The list of monograplis thus far 
secured appears in the publisher’s own announeement elsewhere 
in this volume. 
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The development of knowledge in all branches of science, and 
especially in chemistry, has been so rapid during the last fifty 
years and tlic liehls covered by this development have been so 
varied that it is difficult for any individual to keep in touch with 
the progress in branches of sciciK'c outside his own specialty. 
In spite of the facilities for the examination of the literature 
given by Chemicail Abstracts and such compendia as Beilstein's 
Handbuch der Organisclicn Cla'inie, Richter’s Loxikon, Ostwald’s 
Ijehrbuch der Allgemoinen Cliemie, Ab(‘gg’s and Gmelin-Kraut’s 
Handbuch der Anorganischen Gla'mie and the English and 
French J)ictionari(‘s of C/hemistry, it often takes a great deal 
of time to coordinate the knowledgcj available upon a single topic. 
Consequently when mi'n who have spent years in the study of 
important subjects are willing to coordinate their knowledge 
and present it in concise, readable form, they perform service 
of the highest value to their fellow chemists. 

It was with a clear recognition of the usefulness of reviews of 
this charactcT that a Committee of the American Chemi(;al 
Society recommeiak^d the publication of the two scries of mono- 
graphs under ilie auspic('s of the Society. 

Two rather distinct pinposes are to be served by these mono- 
graphs. The first imrpose, who'-^e fulfilment will jirobably render 
to chemists in general the most important service, is to present 
tlie knowh'dge availahh* upon (he chosen topic in a readable 
form, intelligible to thos(* whose activities may be along a wholly 
different line. Many chemists fail to realize how closely their 
investigations may b(‘ coniu'cted with other work which on the 
surface appears far afield from their own. These monographs 
will enable such men to form (*los('r contact with the work of 
chemists in other lines of r(‘search. The second purpose is to 
promote research in tht' branch of science c,ov(?red by the mono- 
graph, by furnishing a well digested survey of the progress 
already made in that lie-ld and by pointing out directions in 
which investigation nee'ds to be extended. To faeulitate the 
attainment of this purpose, it is intended to include extended 
references to the literature, which will enable anyone interested 
to follow up the subject in more detail. If the literature is so 
voluminous that a {‘oinjiletc' bibliography is im])racticable, a 
critical selection will be made of those papers which are most 
important. 
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The publication of these books marks a distinct* departure in 
the policy of the American Chemical Jr'ocacty inasmuch as it is 
a serious attempt to found an American chemical literature with- 
out primary regard to commercial considertitions. The success 
of the venture will depend in large part upon the measure of 
cooperation which can he secured in the pre})aration of books 
dealing adequately with topic's of geu(‘.ral interest; it is earnestly 
hoped, therefore, that every member of (he various organizMtions 
in the chemical and allied industries will recognize the impor- 
tance of the enterprise and take sufljiaent interest to justify it. 
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Introduction. 


ptcraturc on wood distilkition in book form and in English has 
been very meagre. The only ^b(x»k dealing solely with this subject 
is Harper’s “Utilizatitni of Waste Wood by Histillalion" and this is 
not much mure than a compilation of patent s]>eciiications without 
stating whether the jn'oce.sses described had ever been used com- 
mercially. It also dealt mainly with resinous W()t)d distillation and 
hardwoods were treated only brielly. In chapters of other books 
wood distillation Uis been covered briefly. In the English transla- 
tion of Dusnesny iind Noyers “L’lndu.strie Chimiqne du Bois,” 1908, 
is included a general description of the industry which according to 
Klar is taken largely from his first edition of “Technologie der 
Holzverkohhing.” Jn Brown’s “E'orest Products,” 1917, one chapter 
gives a good but brief general descrij>tion. 'rhe New '^'ork Slate Jmrest 
School booklet on ‘‘'I'lie Hardwood Distdlatioii Industry in New York,” 
also by Brown, is good but it is written by a forester not a chemist. 
Jn Roger’s ‘‘Industrial Chemistry” liie chapter on wood distillation by 
Harper is full of# errors. 

In foreign languages two good books have appeared. The first 
edition of Klar’s ‘‘I'et'hnologie der Holzverkohhing’' appeared in 1903 
and a much enlarged second edition came out in 1910. Klar has had 
much experience in building woo<l distillation apparatus and much of 
his information is first hand. The work is very complete and con- 
tains many chemical engineering details. Besides tlie primary crude 
products of hardwood distillation the methods of production of the 
secondary products, acetic acid, aixtone, and formaldehyde, are also 
described. The dcstructiA c distillation of resinous wood is also covered. 
This work, however, deals largely witii Juiropean practice and is 
rapidly becoming out of dale, esiiecially on the chemical, scientific side. 

Tl\e latest book on the subject is “Om 'frakolning” by Bergstrom 
and WEsslcn, 1918. d'his gives a very good and complete description 
of Swedish practice and contains the results of much experimental 
work not previously published. It abounds in illustrations, tables, 
diagrams and curves, so that it is interesting even to a reader who knows 
little Swedish.^ 

Both these*books have been frecpiently drawn on in the preparation 
of this monograph but proper credit has been given in every instance 
and the thanks of the author arc here rendered for the assistance. 

* Although it is not strictly wood distillation as limited in this monograph attention is 
called to the very complete dcsciiption of the uui'itruetion ;ind operation of various types of 
charcoal kilns found in this hook. Jt is the only detailed and satisfying treatment of the 
subject thit the writer has seen. 
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INTRODUCTION 


In this monoj^raph the two very distinct industries of hardwood 
distillation and resinous w<H)d distillation have been kept entirely sep- 
arate in I’arts 1 and 11, re^ix^cti vely. Jn this country there is alxsolutely 
no connection between the two except that they both use wood as a 
raw material (very dilTerent kinds of wood, however) and both pro- 
duce charcoal (only a part of the resinous wood industry produces 
charcoal). In Sweden tlie two arc so closely related that they can not 
be readily treated separately but in describin^^ the commercial practice 
in this country only confusion results frhm attem]>ts to combine them. 

The arraniL^ement of the subject nviUcr is ]>erhaps peculiar. 'I'he 
first chai)ter of each ])art is a »cnerrd descri])tion of commercial ]>rac- 
tice without any detailed discussion, d'hese are only outlines on which 
to hanj;' the main part of the lu»ok which is a discussion of the chemistry 
of the raw material, the process, and the pioducts. 

Although an engineering phase of the subject is only occasionally 
discussed, it is belie\'(‘d that the chemical engineer 'and jilant operator 
will still find the book interesting since* it gives fundamental informa- 
tion on the chemistry of the jiroerss so that they may get a suggestion 
as to what may be the result of any change in the eoiiditions of ojiera- 
tion. 'The chemical student and research man should find many 
points of interest esj)(*cially sinee the lack of infoimation on some 
imjxirtant subject is frecjuenlly jiointcd out. 

Only the methods of producing the crude products of hardwood 
distillation are included and formaldehyde, acetic acid and acetone 
are not menlionc'd. Ri'fiiU'd wood alcohol is treated Very briellv. This 
is on account <d' disinclination to copy from the literature without 
that iirst-hand information which gives the necessary skill in selection 
and criticism. 

'fhe author’s contact with the industry has been largely the re- 
sult of his connection with the b'orest Ser\ice and the Ihircsl Jh'oducts 
Laboratory which has made ]M)ssible frequent inspections of commercial 
plants aiul a large amount of research on the general subject. It will 
be noted that many of the literature references are to publications from 
the Laboratory and that many of the illustrations arc taken from 
these publications. 

The author wishes to thank the following firms for their kindness 
in furnishing cuts and figures of plants and ap])aratus: The Newport 
Turjxintine and Rosin Company, The Struthcrs-Wells COfnjiany, 
Florida* Wood Products Company, Hercules Powder Company, and 
The Tennessee-F.astman Corporation. 
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PART L 

HARDWOOD DISTILLATION. 




(Chapter 1. 

I hc (.onii^crcial Processes. 

'J he hardwood distillation industry was developed early in the 
Lhiited States on account of the lari^e sii])])lies (if i^'ood (jualilv hard- 
woods available and on account oi the lii.i^h excise tax on etlul alcohol 
which forced the use of wood alcohol for solvent purposes where the 
cheaper ethyl alcohol inij^ht otherwise have been used. Even since the 
denatured alcohol legislation of H)o() which made available the cheaj)ei 
denatured ethyl alcohol for solvent purposes, the industry has expanded 
due to the increased demands for inethvl alcohol as a chemical raw 
material and for the other products, acetate of lime and charcoal. 

Ihe early industry used either the small horizontal cvlindrical re- 
torts or the l)rick hy-])roducts kilns for the di.stillation of the wood, but 
fur many years no new plants have been built with either of these 
types of distillation ai>paratus. ]\Iany of the okl retort or kiln ])lants 
have l)een rej)laot‘d by the modern tyjx? of plant hut some of them 
are still in operation. 1 he main ol)jection to the retorts was the 
hij;h labor costs for charg-inj^ the wood and removinj,^ the charcoal, 
these o])erations hoinj.; carried out entirely by hand. The kilns which 
^,^ave low vields of the chemical i roducts were us(xl only in (‘onnection 
with iron furnaces where lari,^e (|uantities of charcoal were required 
and the chemical products w(‘re of sec<»iulaiy importance. When the 
chemical products became of more imixiriance no more kiln plants 
were built. In the followini^ t^eneral description of the jilant and o])era- 
tion only the modern tvpe of distillation apparatus, the rectaiij^mlar oven, 
will he included. 

Wood for Distillation 

Tlfe wood used for distillation is generally cordwood 52 inches 
long and with a minimum diameter of 3 to 5 inches varying with the 
conditions of supj)ly and demand. Sticks of greater diameter than 
about 8 inches are usually split. Some sawmill slabs or other wood 
wastes are i*sed in which case smaller dimensions in length and 
thickness are allowed. Small blocks, chijis, shaviiij^s or .sawdust 
are not used. The .source of the wood varies; in some cases the 
wood distillation plant is run in connection with a sawmill and the 
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logging wastes sucli as tops and limbs are gathered and cut for 
distillation. In other cases the distillation wood is the main product 
obtained from the forest iind the sawmill operation may be secondary 
or lacking entirely. 'I’his usually takes place where the limber is 
small second growth or of poor quality for lumber. Most of the 
plants own or control their own wood supply and cut and collect 
their own wood or have a contract with a sawmill for waste wood, 
but some of the smaller plants purchase a mrt of their wood already cut. 

The wood is not generally selected by species except that softwoods 
are excluded. All the hardwoods which naturally occur in the for- 
ests where the wood is cut are commonly collected, since the main 
species are satisfactory and the others occur in too small quantities 
to have much effect on the results. In the north the main species 
arc beech, birch and maple, but other s])ccies which may occur with 
them such as elm, ironwood, oak, ash, etc., are used. Jn the south 
oak and hickory are the favorite species and some selection may be 
resorted to in" order to eliminate such undesirable hardwoods as 
chestnut. 

The wood is dried for six to eighteen months either in the woods 
where cut or in storage yards at the plant. It is not required to 
have the wood com]>letely dry and *‘air dry” wood with J5 to 20 
per cent moisture is considered satisfactory. Jf the wood is dried in 
the woods where cut the drying is slow and there is a good chance 
for deterioration by rotting and danger from fire, whereas if dried 
in the wood yard there is an extra expense of handling to and from 
the piles. Jn either case the interest charge on the investment in a 
year’s supply of wood is an important item of expense. In order 
to avoid these dilficultics connected with air drying a system of 
artificial drying has heen developed and adopted by several plants. 
The wood dries much faster when in short lengths and so for artificial 
drying the sticks are preferably cut into blocks 6 to 10 inches long, 
d'hesc blocks are run by conveyor from the saws to the cars in 
which they are distilled and no further handling is required. It is a 
general rule that the smaller the pieces of wood which go to make 
up a pile the less wood can be contained in a given space, but when 
blocks 6 inches long are dropped from a hopper into a car a greater 
weight of wood is jmt in than when 52 inch sticks are piled by hand 
in the same car. This is another advantage of the artificial drying 
system.' The cars and the wood being hot at the time they enter 
the retort also has a little effect on the time and fuel required for 
distillation. 

The artificial drying is accojuplished by the waste l‘*eat from the 
flues of the retort furnaces. The cars of wood are placed in closed 
“pre-driers’’ and the flue gases from the retorts are blown into the 
driers in direct contact with the wood. Care must be taken that the 




Fig. I. — Drawing of Oven in Brick Setting. 
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teni|>eralure of the incoming gases is not too high and that sparks 
do not carry through to- the wood. Otherwise, the process is nearly 
automatic, (’(unnimily "three charges of wood arc in the driers at 
one time, the wood from the hot end of the drier being drawn direct 
to the retort while a fresh charge of green wood is introduced at the. 
cold end. 


The Distillation of the Wood 

The large rectangular retorts carnmonly used for the distillation 
(»f the wood are fre(juently called ovens or “Jumbos” to distinguish 
them from the older, smaller, evlindrical retorts. 1'hese ovens are 
commonly made of llaiige steel Ts" thick with somewhat thicker metal 
on the bottom where the tem])erature is highest. 'I'liey are 6' 3" 
wide and (S' 4" high and vary in length according to the capacity de- 
sired, the standard lo cord oven being 56' long. The oven doors 
open the full cross .secti(»n and are fastened by stet'l wedges. Since 
the doors are the only surfaces of the retorts not directly heated they are 
usually ])ro\ided with outside “storm doors” to prevent radiation and 
condensation of tar on their inner surfaces. On account of the great 
length of the <»ven and the dift’erence in expansion with heat be- 
tween steel and brickwork the ovens can not be suj)j)orted at the bottom 
on brick but are sus])ended from hangers along the top of the sides. 
(Sec Tig. I.) d'he o\ens are heated from lire boxes at one end in 
the case of the shorter oven^ or at both ends in tliv* case of the longer 
ones. In order to distribute the n.eat e\('nlv throughout the length 
of the ovens special arches must be provided. 'These brick arches in 
the case of two (ire boxes run from the tire boxes nearly to the center 
of the oven and ])re\ent direct contact of the flames on the bottom of 
the oven. \W properly spaci'd openings in the arches (he llames or 
the hot tine gases are distributed lengthwi.se and sidewn'se so as to 
distribute the heat over the bottom of the retort as e\enly as is jirac- 
ticable. 'I'he Hue ga.ses are then guide<I around the sides of the re- 
tort by suitable baflles, finally ])assing over the top and thence up the 
stack. Tven with this arrangement the eijualization of the heating is 
not com])lete and the bottom of the retort commonly gets the highest 
tcm])erature. 'J'he ovens are set in pairs with the lirickw'ork for the 
twa) continuous although there is no connection betw’een the tire bo.xes. 
The space between each jjair is thus utilized for condensers, pijnng, etc. 

d'lie w'ood is loaded on iron cars or “buggi(‘s” wath slatt(‘d ends 
and sides, the latter sometimes reaching only about two-thirds of the 
height of the jiiled wood and serving to retain the elKircoal after car- 
bonization. 'The sides are also removable for loading the wood and un- 
loading the charcoal. 'The cars very nearly till the cross section of 
the retort and arc long enough to hold about cords, four cars 
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making one charge for a lo cord retort. I'he cars are sometimes moved 
by hand hut usually with a power cable or a*small locomotive. 

As soon as the wood is inside tlu' rettfrt the dr)ors are closed 
and the heating started. 1'he lir^t distillate is almost entirely water 
• and it is not until about the fourth ln)ur tliat the li(]Uor slowly darkens 
and contains increasing amounts of acirl. 'The tar first appears at 
the eighth to tenth hour and from this lime onward very little more 
heat is reijuin'd to finish the disidlalion at about the twenty-second 
hour, for about two hours tin- ret<irl is allowed lo cool and then 
the charcoal is remo\ed and a uPw cbaige of wimhI run in, making a 
complete cycle in 24 hours 'I h(‘ time toi a unnt)k‘te « \<‘le may vary 
at different plants depending on the moisture condition of the W'ood, 
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the kind of fuel used or the desire of the opeiator, but a 24 hour 
cycle is common, (hie jilant operateil for ^ome time on a lt)-l8 
hour cycle and thus greatly inenast'd tlu- uioaiily of the nhorts. 

Various methods are used to control the linng, llie apjiearancc of 
the distillate and tlie temperature in tlie ^a]^or outlet from the re- 
tort being the most commo!i signs for deti'rminmg the status of the 
distillation. It is usually reiiuircfl to linish the distillation in a cer- 
tain definite time and without too ra])id heating or too high a tempera- 
ture duMiig the stage when the \aluable pniducts are distilling. To 
accomplish this tlie charge is heated ia])idly at the start and then at 
the proper time, usually eight to ten hours Iroiii the start, the firing 
is cut down so that the distillation will not “lun away” or become 
uncontrollable. 

d'ar and gas»from the plants' own products are generally used for 
retort fuel and besides these only a .^inall amount of other fuel is re- 
quired. If the tar or gas is used for boiler fuel other fuel as coal, 
natural gas or waste wood is used. One plant has used hogged saw- 
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mill waste almost entirely as a retort fuel by modifying the ordinary 
fire box into a small Dutcji oven for the more efficient use of this kind 
of fuel. The wood tar and natural gas make excellent fuel because 
they both give a quick, hot lire and yet can he readily regulated. 

The hot charcoal from the retorts catches fire as soon as it comes . 
in contact with the air and it must, therefore, be cooled out of con- 
tact with the air. Closed charcoal coolers arc provided into which 
the cars of charcoal are run as rapidly as possible after the retorts 
are opened, a spray of water being used to keep down the fire a, little 
during the transfer. The charcoal ^jtays in this cooler until another 
distillation cycle is finished and then it is nmved on to the next. It 



Fig. 3.- 'Photo of Cooler in .Shop. 


remains there for 24 hours and then is allowed to stand in the cars 
in the ojxn air for another 24 hours before it will be received for 
shipment by the railroads. 11ic coolers are of the same sha])c and 
size as the ovens but are built of lighter metal and sometimes are 
without a bottom, being banked with sand to prevent access of air. 

The best layout for the wood yard, retort house, coolers and 
charcoal sheds is one in which the ]>rogress of the cars is in one 
direction throughout the ot)eration. (See l"ig. 4.) In some cases 
lack of space makes this layout impossible and the retorts -may be 
charged and di.scharged at the same end. It is almost a necessity, 
howeVer, that the first coolers be in line with the retorts so' that the 
hot charcoal may be moved rapidly. 

The vapors are taken from the retort through one to three outlets, 
depending on the size of the retort. Ordinarily onlyntwo outlets are 
used, even on the 10 cord retorts. The vapor outlets are on the 
sides of the retorts near the top and jiass through the brickwork to 
the condensers. The condensers are of the vertical tubular type and 
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they must have a capacity to coiiflcnsc and Cf)ol the’ vapors during 
the peak load, although tins may cover only^i small part of the dis- 
tillation period, ddic inside of the condenset tubes should also be 
readily accessible, since it is necessary frequently to clean out the 
tubes to remove deposits of ]>itch and tar w'hich greatly decrease the 
efficiency of the condenser. At many plants the retort condenser tubes 
are cleansed regularly once a week. 

At the condenser outlet the Jiijuid distillate is separated fiaim the 
gas by means of a sinqile gooseneck or tra]) which allows the liquid to 
liow through but stops- the gas. ^I'lie gas is taken otf at the toj> of 
the trap on the end toward the omdenser and pijx'd to the retort fire 
box or to the boilers. No storage is provided for the gas and it is 
burned as it is produced. A val\e in tlie gas line from each condenser 
is usually closed when no gas is coining off from the retort. 

Refining Processes 

Pile liquid distillate, consisting of tar and a dark brown watery 
licjuid called pyroligneous acid, is ])um])ed to wooden settling tanks 
where the tar settles to the bottom. 'I'liese tanks are usually arranged 
in series with connecting ])ipes ai gradually lower levels from the 
first, where the mixture of tar and iwroligneous acid enters, to the 
last, where the clear acid is drawn off for further refining. 'Phe tai- 
ls drawn off as re([yiie(l from the bottom of each tank, most of it 
naturally coming from the first. 

Although most of the valuable jiroducts. wood alcohol and acetic 
acid, is contained in the jiyroligneous acid, yet there arc small quan- 
tities contained in the tar which is distihi'd with ^team lor their re- 
covery. A w(K)den still is used for this o])erati(Mi. since copjx^r is so 
rapidly corroded by the hot tar. The still I-' pooided with a closed 
steam coil of cojqier and also with a steam jet. the water in the tai- 
ls driven off by heating with the closed c<'il and then live steam is 
blown through tin* tar. The volatile oils from the tar arc distilled 
with the steam and are separated from the water layer by settling. 
The first oils distilled arc lighter than water, but if the distillation 
is carried, far enough oils heavier than water will distil. Sometimes 
these oils ore ke])t separate as part of the marketable products, but 
frequently' they are mixed with the residue left in the tar still tmd 
used for fuel. The water distillate from the tar still contains acetic 
acid and alcohol and is mixed with the similar distillate from the next 
operation. 

The pyroligneous acid from the .settling tanks, although it has 
heeii settled free from suspended tar, still contains some tar in solu- 
tion which must be separated in the first refining operation. This is 
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acconiplislicd by romplcte distillation of the pyroligneous acid, leaving? 
the tar behind in tlie stdl. A copper still equipped with closed steam 
coils is commonly used for this o|)eration, althoup^h triple effect evap- 
orators are sometimes used. Since it is simply the separation of a 
volatile from a non-volatile liquid no si>ecial ])recautions are required. 
A small amount of oil distils with the water and this is separated 
before the next (»pe.ratir)n. The residue of tar is allowed to accumulate 
in the still for se\eral days and then it is ttiven a steam distillation, 
like the settled tar, either in the copper still or after removal. to the 
wooden tar still. 

The distilled tar-free pyroliiL; neons acid to which is added the water 
distillate from the tar still is lu^w ready for neutralization with lime. 
A thick milk ()f lime is used for the neutralization and the operation 
is carried out in a covered wooden tub provided with a stirrin)^^ ap- 
paratus. 'riie neutral ])oint is usualls determined by the color chant^e 
in the solution irsi'lf which becomes verv much darker as the neutral 
point is reached In fact, the color is so dark that the use of outside 
indicators is dilhcult. \ daik wine-color is the common neutral ]>oint 
and this must he attained with considerable' accuraev to avoid difficulties 
in the future evaporation of the ai'ctate solution. Dtiriiiju; the neutraliza- 
tion an insoluble sludi^e is formed which settles partly in the neti- 
tralizinj.* tub and jiartly in wooden tanks provided for the stora,tte of 
the neutralized licjuor. 1 he sluvdj:^e must be oe'casionallv removed from 
the neutraliziiy^ ttib which should be desiitned for accom])lishin.i^- this 
readily. Ihe wet sludjLfe retains a consickrable anfliunt of acetate li()Uor 
and js frequently washed or filtered in a filter jiress for its recoverv. 

1 he neutralized settled solution contains tlu' acetic acid in non- 
volatile form and the alcohol and other volatile jiroducts can be 
separated from the acid by distillation. Since tlu' solution is now 
neutral an iron still, commonly called the ‘‘lime-lee’' still, can be u.'-ed for 
this distillation. Idie lime-lee still is proxided with a closed steam coil 
of copper and no direct steam is used in this operation. The di.stillation 
is carried on until the ^n-avity of the distillate is unity .showing that all 
the alcohol has been removed. A small amount of oil also collects 
with the distillate from this operation and .should be separated before 
the next distillation. J he residue in the still is called the acetate 
liquor and the distillate, the alcohol liquor. 

The .y'etate liijuor is commonly evaporated in shallow, steam- 
jacketed iron pans calthou^h sini^le or multiple ellect exapiirators are 
frequently used. In the iron pans the first separation of the .solid 
acetate of lime should take ])lace on the surface of the liquor, since 
if it starts on the bottom of the jian a hard dense deposit forms which 
reduces the effective heatinj^ surface and is very difficult to remove. 
Startinj^ on the surface the separation of the solid acetate proceeds 
downward, the steam escaping through .small craters in the cru.st. The 
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evajxjration is stopped when the mass lias reached the consistency of a 
thick mud and the rest hf the drying takes place elsewhere. For the 
final drying of the acetate drying llocn's are pro\’ided on top of the ovens 
where the heat of the Hue gases can he used. The acetate mud is 
spread in a thin layer on the floor and frequently raked to uncovef 
the wet acetate as the top surface dries. The drying acetate is some- 
times rolled with a light roller to ])revent the formation of too large 
lumps. The acetate is not decomposed by any temperature likely to 
be reached on the floor and no spe''ial precaution needs to be taken. 
This is the last oix^ration for the prej)aration of the finished acetate 
of lime and when dry it is bagged for shipment. 

When multiide ellect evaporators are used for evaporating the 
acetate liquor another method for drying is introduced, 'i'he evaporators 
carry the concentration almost to the point where separation of the 
solid acetate begins and then the solution is run to a shallow pan 
into which dips a slowly revolving .sti'am-heated cylinder. The cylinder 
is i)rovided with automatic scra])ers which remove the deposit at 
])roper intervals. Fsually the s])eed of the cylinder, the steam heat 
and the scraj)ing are coordinatcfl so that the mat(u-ial scnj])ed off has 
been dried to a consistency of a thick mud. I'he mud dro])s to a 
V-shaped trough in which it is picked up on an endless w'ire belt. 
The hell passes thiough heated chambers wheie the drying is com- 
pleted and the dried acetate is removed from the belt by the belt 
running over rolls w’hich change the direction .'it sharj) angles and by 
an automatic shaking or beating device. This mi'lhod of dr\ing is 
very enicient in the w^ay of saving labor C(»sts, since the acetate is dried 
and delivered to the storage hoppers without being touched bv hand. 

The alcohol liquor distilled trom the lime-lee still is concentrated 
to a crude wood alcohol of about Sj ])er cent strength as determined 
by the gravity, 'bhis concentration can not be reached by a single 
distillation from an ordinary still without some kind of fractionating 
column. For a long time the column commonly used w'as the ‘’liurcey 
pan,” a special type of still head used practically entirely by the hard- 
vjrood distillation plants. Many other t)jx‘s of columns are now used 
more in line with modern fractional distillation aiiparatus. 'i'hc distilla- 
tion is controlled by the gravity of the distillate and if the a])j)aratus is 
not efficient enough to produce the required strength of alcohol in one 
o])erQtion the last ]>art of the distillate is ke])t sejiarale and returned 
to the alcohol liquor lank for further treatment. ^I'lie distillation is 
stopped wdien the gravity of the distillate show’s no more alcohol dis- 
tilling and the reddue is run to w^aste. V small amount of oil distils 
with the alcohol and is separated before further relifting. 

When evaporators and roll dryers are used for jireparing the 
acetate, the lime-lec still is usually cut out and a continuous column 
still substituted which is able to prepare a concentrated alcohol direct 
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from the neutralized pyrolijuneims arid. 'Fliis results in a considerable 
savin^^, since both the linv^dee and the alcohol still operations are re- 
placed by a sii\i,de distillrtiitai and a larger proportion of acetate liquor 
is left to he evaporated in the eflicient multi])le effect evaix)rators. 

In most wood distillation jdants the rclininj^ of the wood alcohol 
is carried no further than the i)repa ration of this concentrated crude 
with no attempt to separate a commercial grade of wood alcohol. The 
crude is shii)pcd to central refineries where with the advantage of larger 
scale operation the conqilicated refining process can he more readily 
carried out. Some of the larger pl\mts or groujis of ])lants, how- 
ever, do their own refining, 'fhe apjiaratus and the methods used 
and the products obtaimnl are so \ariahle that no typical jirocess can 
be described, hut the general principle imolved is the sejiaration by 
fractional distillation of three fractions besides the water. 1'hese are 
in order of boiling ])oints ( i ) the “methyl acetone” fraction with 
lowest boiling point, (j) the middle fraction of r\:lined wood alcohol 
and (3) the Iiighest boiling fraction containing the allyl alcohol. Small 
amounts of oils soluble in alcohol but not in water are jiresent in the 
crude alcohol and fre(|iieiilly these are more readily removed from 
certain fractions b\ diluting greatlv with water, separating the oils, 
and redistilling the water solution, 'flic only chemical treatments used 
arc simple washings with caustic soila and with *sul[)huric acid to re- 
move certain inijninties but not to help in the separation of the final 
products, 'fhe grade of the alcohol obtained will depi-nd on the ef- 
ticiency of the apparatus and on die amount and Composition of the 
methyl acetone fraction. With the same conditions otherwise the 
more “methvl acetone” obtained the higher will be the grade of the 
alcohol, that is, the less acetone it will contain, 'fhe production of a 
wood alcohol with as little a^^ o.i per < ent acetone is a difficult ojieration. 


Yields of Products 

'fhe yields vary with the (|uality of the wood and with the care 
taken in the process so that it is difficult to determine the average, 
d'here are also a few kiln plants still in operation, so that the average 
of all plants is lower than for oven and retort plants only. Census 
Re])ort for 1(^19 shows aviTagc yields of 142 pounds of acetate of 
lime, ^7 gallons of crude wood alcohol and 3(1 bushels of charcoal 
per cord. Jt is believed, however, that there 'must be some, mistake 
in these figures and that iSo pounds of acetate, 10 gallons of crude 
wood alcohol and 48 bushels of charcoal ])er curd of wood is a better 
average. The JMichigan and Wisconsin ]>lants will commonly get less 
acetate than this and the New York and Pennsylvania plants more, 
although the wood seems to be very much the same and the apparatus 
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and metliods identical. Sonic plants over joo pounds of acetate 
and 12 gallons of crude alcohol per cord, - 

New Processes 

There are several new' processes r)f w’oorl distillation which have 
been given some publicity but w'hich are still in the ex])eriniental or 
development stage ^ so that ijiey can not be classed w’ith the com- 
mercial processes and detnils in regaid to the jiroccss and yields can 
not be given. 'I'hey are, however, ])romisnig eiunigh from a com- 
mercial standpoint or interesting enough from a teclin'cal standpoint 
so that they should be mentioned and brielly discussed. 

It hat>pens that all these new processes are designed for the dis- 
tillation of saw'dust or small chi]>s. d'he advantages of this sort of 
material are (i) jhat it may be obtained cheaper than cordwood, 
(2j that it can be more ra])idly an<l efticiently dried, and (3) that 
it can be handled by a continuous process, d'here are, howev'er, many 
disadvantages in using sawdust or chips. In the lirst jilace, wood 
itself is a good non conductor of heat and sawdust is even better 
in this respect, since a mass of sawdust contains many closed air 
s])aces wdn'ch are still bettei non-cniiductors. A stationary mass of 
sawdust is, therefore, verv dinicult to distill, since it is almost im- 
possible for the heat reijuired to jiass through to the center of the 
mass. Jt is necessarv, therefore, that the sawdust he stirred either 
by a rotating ret<^n <»r by some kind of agitation within the retort. 
This immediately introduces other comphcati(Uis. I-’itlier a stirrer 
or a rotating retort reijuires moving jiarts which must he joined gas- 
tight to the staiionarv parts ttf the retort, and at the temperatures of 
destructive distillation tins is not a simple problem. The agitation of 
the mass also stirs uj) a great deal (d' hne ihanoal dust, wdtich tends 
to be carricil out of the retmt with the vap' >. and to clog the con- 
densers. If the process is to he conlinuvms, it is aKu necessary to 
introduce the sawdust without intiodiKing too much air and without 
allowing any of the product^ id' the distillation to escajM'. d'he char- 
coal must also be removed through some kind id' a gas-tight seal. 
The cooling of large (piantiti<‘s td‘ finely divided charcoal is also a 
difticuH problem and this, together with the marketing of large quan- 
tities o*f such a product, again adds to the dilliculties of s^iwdiiA 
distillation. 

The Briquetting Process 

The Amcf^'gin Wood Reduction t o. iivanded many of the prob- 
lems in connection with sawdust distillation hy making tiie sawdust into 

'Two of tlicsc piijccshfs have lurii pul iii fin.i.itii>u i.i loimiumal i»laiits ^^nol‘ 

lliis was written. 
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a solid block of wood before distillation. In other words, the sawdust 
or very small-sized wood^ was briquetted and distilled in the form of 
briquets. When sufficient pressure is applied to wood a very solid 
briquet can be formed without the use of any binding material. These 
briquets, however, when made of hardwood, tend to fall to pieces 
during destructive distillation; consequently the benefits of briquetting 
would be largely lost. It was found, however, that, if these sawdust 
briquets could be subjected to slight mechanical pressure during the 
distillation, they remained in one piece and fairly firm, regularly 
shaped pieces of charcoal could be niade by this method. 

The process finally developed by this company included the con- 
version of the waste wood in the form of sawdust or small chips 
into 4-in. briquets, which were loaded from an automatic loader into 
retorts, consisting of a series of horizontal tubes 20 ft. long and with 
an inside diameter slightly greater than that of fhe bri(juets. Each 
of these tubes was ])rovided with a piston, by means of which a small 
pressure of 8 or 10 lbs, per sq. in. could be exerted continuously against 
the column of briquets during the distillation. On account of the 
small diameter of the tubes, each of wdiich really acted as a single 
retort, the complete distillation could be linished in about three hours, 
and the temperature control was good enough so that unusuaily high 
yields were obtained. The co.st of in'epanng the wood for distilla- 
tion and the rather complicated and small-cai)acity apparatus was, 
therefore, compensated by the high yields and short length of time 
in the retort. A plant to use this pnjcess was under construction 
during 1918, but was never pul into o[>eration, and the process never 
had a trial on a commercial scale. 

The Sawtelle Process 

The Sawtelle prcjcess also avoided some of the usual complica- 
tions of sawdust distillation by a combination of the distillation of the 
wood and the manufacture of producer gas from the charcoal. This 
was accomidished by using an updraft gas ])roducer with wood as fuel. 
The wood in the form of sawdust and tine chii)s forms a cone-shaped 
pile in the gas producer, the upper part of which is wood in the 
drying stage, the next layer wood in the stage of destructive dis- 
tillatioq, and the lower layers charcoal in the process of manufacture 
into producer gas. The heat required for distilling and drying is 
furnished by the hot gas. Since charcoal is not a product 'of this 
process, the difficulties with charcoal dust and with cooling the finely 
divided charcoal are not encountered. This i)rocess has^ operated suc- 
cessfully from the mechanical standpoint in a small commercial unit 
producer, but accurate yield figures could not be obtained on account 
of the lack of a gas scrubber. I'his process produces probably 8 
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to 10 times as much gas as the ordinary 
process and tlwi losses in the unscrubbetl 
gas arc, therefore, very high, esix?cially the 
los.s of alcohol. With the use of gas scrub- 
bers there seems to he no reasfin, however, 
why this method should not give the maxi- 
mum yields, since the process is a con- 
tijiuous one and the temperature can 
readily be controlled. In localities where 
there is a demand for the j)roducer gas 
obtained, this process should be very prom- 
ising, but under present conditions the 
presence of large (jiiantities of hardwood 
waste in localities where there is also a 
demand lor power is unc(»mnion. 

The Stafford Process 

d'his process was developed with the idea 
of utilizing fully the exotliermic reaction 
of wood distillation. 'The jirocess and 
ai)j)aratus is of the simplest, consisting 
merely of a large, well-insulated chamber 
into which the dry, warm wood is intro- 
duced continuous)} . The heat of decom- 
l)osition of the wood is suriicient to bring 
an e(|ual ((uanlitv of dry, warm wood to 
the distillation point ; and the process is, 
tlierefor- , cmitinuous without the addition 
of heat from the outside. A thick layer 
of ciiarcoal is keot in the bottom of the 
retort anti jiaiil} cooled charcoal c.an be 
withdrawn caaitinuously or at intervals. 
This process reijuires no moving parts 
inside the retort since the heal interchange 
between incoming wood and the hot vapors 
and hot charcoal in the rettirt is rapid 
enough without any stirring. A large plant 
u.->ing this tirocc^s is now^ in commercial 
operation but no details of the results are 
available, d'here seems to be no reason 
wdiy this l)roce^s should not obtain maxi- 
mum yields. 

The Seaman Process 

The Seaman process was develoiied and 
demonstrated in a commercial-sized unit 
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TABLE I. 

JrlAUDWOOnS C0NSU',fED IN DISTILLATION, BV StATES : KjH). 


State 

'V'. > 

Number 

of 

e.stabli.sh- 

ments 

gUANTITY 

COST 

Cords 

Per cent 
distribu- 
tion 

Total 

Average 
per curd 

United States 

K; 

I,i 86 , 47 r 

100.0 

* $7,965,069 

$6.71 

Michigan 

15 

648,910 

547 

4.307,797 

6.64 

Ecnnsylvania 

42 

281,3-0 

^37 

1,882,795 

6 69 

New Vork 

20 

104,403 

8.8 


7.16 

Wisconsin 

3 

O0.544 

5 1 

519.131 

857 

All other states. . . 

7 7 

91,_l(J 

77 

* 507,464 

5.56 


* Iiicludi'S one ist.ibli^liiiK iit ni wood tlistillation, hut pntiianly operating a blast 

furnace. 

tluckulii. cstafilislniK'.its (iistnbiitt d as follows; Al.ibaiiia, i; (.'oniicttK'ul, i; Kentucky, 
i; Mibbibsippi, 1, iMissoiiii. 1, Itniusset, i, and Wc-t V'liginia, i. 


several years a^ijo. 'I'lie ajtparalns coiisi.sled of a rotating inclined 
retort ahoiit ft. lon^ l)V 3 ft. in diaineter. I'he hut, dry sawdust 
was charj^ed at tlie upper end and the charcoal was removed con- 
tinuously from the lowa'r end. 1'he ingenious devices" for introducing 
the sawdust without introducing air and for removing the charcoal 
without ailowdng the escape of gas were found to work very satis- 
factorily on this demonstration retort, ddie yield of acetic acid obtained 
111 this apjiaratus was umisiially high, hut for some unknowm reason 
the alcohol yiekN were somewhat low. A commercial plant to use this 
jirocess was ready for operation earlv in i(ji8, hut many difliculties 
were encountered, especially the jduggmg of the condensers hy charcoal 
dust which was earned over from the reiorts. it is re])orted that these 

TABLE 2. 

Oi ANTiTV OK BkODLa'is iKo.M Hardwoou Distili.ation : lyjy. 


Kind 


(Juaiitity 


Cru<lc wool alcolio! 

Acelatc c 5 f iinie.. 

Lliarcoal 

Tar 

Tar oils 

Wood cn'osolc ... 


.j^allons 
.l)oiiiids 
. Ijiishcls 
. gallons 
.gallons 
-pcauids 


* 9.103,996 

j 6 «, 95(),432 

4 d, 354 J 4 ^ 
55 ^, 1-^4 
222,398 

*' 945 .t >05 


* Includes a small annuiiil nf wnud alcDiml inanufuc tured fruni Mift wouds. 
•• U. S Pat. No. i,aj6.88s. 



THE COMMERCIAL PROCESSES 


29 

difficulties have now I)eeii overcome and that several of the retorts 
are now operating continuously and commtycially. 

The Whittaker-Pritchard Process 

In this process the heating medium is a current of hot gas which 
circulates from the heater to the distillation chamber to the con- 
denser and then to the heater again. In this way the difficulty of 
heating finely divided matefial without stirring is avoided. This 
process has been used success^^illy for the destructive distillation of 
other materials than wood hut it has onlv been suggested as a wood 
distillation ])rocess and even experimental results have not been reported. 


Statistics 

1 he latest statistics on hardwcKxl distillation ar(‘ given in dablc's 
r, 2 and 3, taken from the Ihireau of ( ensus rei)ort, “b'orest I’roducts: 

d able 1 shows that tliis industry has made a start in the South, 
although for many years it was confined entirelv' to the northern hard- 
\yood regions. Since iqk; other jdants have been jait into opera- 
tion in J enness(‘C and W'est Virginia, so that the southern representa- 
tion is ev'en greater than shown in the table. 1 ’he Xew York and 
Penn.sylvania plants are in two groups, one in northwestern Penn- 
sylvania around Ifradford with two ])lants just across the line in Xew 
^ ork, and the other in northeastern Pennsylvania and contiguous parts 
of New ’S'ork. The Michigan plants are in the north iK'iiinsula and 
the northern jiart of the south peninsula, d'he Wisconsin plants are 
in the most northern jiarts of tlie state. 


T.XBLE 3. 

Fgi ii’MFA'T PsKi) ix TIvRfiW'non f)isin.i, vnox. 


State 

RETORTS 

0\L\S 

KILXS 

Aggre- 
gate 
capacity 
( cords) 

Num- 

ber 

Total 

capacity 

( cords) 

Num- 

ber 

Total 
capacitv 
( cords ) 

Num- 

ber 

Total 

capacit> 

(cords) 

.Michigan 

I On 

],1()2 

20 

180 

130 

8,200 

9.482 

Xcw' York 

18S 

27 Q 

47 

386 


• 

665 

I’tMinsylvania 

J14 

()80 

MS') 

r, 3 i-^ 

12 

120 

2.118 

\^'i.sc()n.sin 

10 

8 j 



25 

! 1,750 

1.832 

.\Il <itlier states ♦ 

>> 


$27 

() 

bo 


! 

587 

Total 

028 

2 fi 7 ^ 

232 

1,936 

167 

10,070 

14.684 


* Includes Alabama, Connecticut, Kentucky, Mississippi, Missouri, Termes.scc, and West 
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Table 3 gives the total capacity in cords of the retorts, ovens and 
kilns. These capacity figures are not in cords per day, however, but 
in actual holding capacity- of the apparatus regardless of how long it 
miglit take to distil a charge of wood. This method of reporting makes 
the kilns seem more important than they really are, since the actual 
daily capacity of kiln plants in operation in 1919 was probably not 
more than 400-500 cords. On this basis the rated capacity of the plants 
in operation in 1919 was about 5,otx) cords per day and figuring on 
300 working days per 3^car the plants were producing at about 79 per 
cent (d* rated capacity. 

There is also a mistake in the classification into retorts and ovens 
in Table 3, since there are no retort plants in Michigan or Wisconsin, 
and since the capacity of the “retorts” as given for these states and for 
“all other states” is seen to be about the same as that of the ovens, 
while the cylindrical horizontal retorts hold only about T cord each. 
'I’liis mistake is probably due to the fact that in the localities to which 
the industry has more recently sju'ead the old fashioned cylindrical 
retort plant has never been built and the ot)erators are likely to call 
their ovens “retorts,” since there arc no real retorts in their vicinity 
to furnish the distinction between the two terms. In New N'ork and 
rennsylvania, where there arc a few retort plants left and the memory 
of many others, the distinction between “retort” and “oven” is more 
likely to be properly made. 

The War Industries lioard Price Pulletin No. 51 gives an estimate 
of production for the year H)iy which shows the effect of the war 
flemands for these products. Acetate of lime producti(ai was esti- 
mated at 200,000,000 pounds for 1917 and refined wood alcohol and 
methyl acetate at 8,000,000 and 1,400,000 gallons, res]>ectively. The 
])roduction during 1918 was probably even greater than this. 

The United States is by far the largest producer of wood distilla- 
tion products. lh)r comparative purp(>ses the estimated figures for 1914 
are given for the United .States, (.iermany-Austria and Canada, the 
three largest producers : 



Acetate 

Tolls 

Wood alcohol 
(lals. 

Wood used 
Cords 

United .States 

80,000 

0,000,000 

1 ,000,000 

(icrniany-Anstria 

25,000 

2.800.000 

300,000 

Canada .> 

8,500 

950,000 

iio.Ooo 


It is not known in what countries the producti(m listed under Germany- 
Austria is now located but it is believed that most of the crude products 
are manufactured in CzeclK)-Slovakia. 

Aside from these countries, Sweden, b'ngland, Ja])an, and France 
are known to have small wood distillation industries but accurate 
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statistics are available only for Sweden. In 1917 Sweden produced 
alcohol and acetate equivalent to the rated capacity of one 5ocor(l 
plant using: American hardwoods. Sweden 1 ms several well equipped 
wood distillation plants and the explanation of the small output is 
that hardwoods are not almndant and resinous wood is the raw ma- 
terial commonly used resultinq^ in low yields of wood alcohol and 
acetate. In 1915 Ja]:)an had develoj)ed an industry which g^ave an 
output equivalent to about one 50-cord plant, h'rance has had a small 
industry for some time. It is* reported that Argentina has started a 
small industry and one plant has •I'eccnlly begun operation in India. 


Importance of Wood Distillation Products 

Pieforc 1916 the jnxulucts made by wood distillation were not ob- 
tainable commercial^v from any other source except acetic acid in the 
form of vinegar and this was not a competing product, since it was used 
only in food products and acetic acid from wood distillation was not 
used in this way. The great demands for acetic acid and acetone 
during the war, however, led to the devebtpment on a commercial 
scale of several new processes for making these ])roducts. Of these 
new ])rocesses two ha\e continued in o]KM*atif»n since the war and 
may become serious competitors of hardwood distillation. One is 
the production of acetic acid synthetically from acetylene and the 
other is a fermentation process for obtaining acetone direct from starch. 

Charcoal 

Cliarcoal has Ik-ch known and used as a fuel since j>rehistoric 
times, but at ])resent it has onl\ special fuel uses. Probably the largest 
single use of this kind is in blast furnaces for the manufacture of char- 
coal iron. Many wood distillation plants are built in connection with 
blast furnaces, and their entire outjnit of charcoal is used for this 
purj)ose. It is also used largely as a special domestic fuel, and con- 
siderable quantities are still employed in the manufacture of black 
powder. Charcoal has also a large number of miscellaneous uses, such 
as in stock and jHiultry foods, in case-hardening compounds, and as a 
deodori’zcr and heat insulator. 

Acetic Acid 

Acetic acid has a wide use in the chemical industry in the prepara- 
tion of various inorganic acetates such as lead, copper, and sodium 
acetates, and in the prei)aration of white-lead pigment. It is used 
wddely in the organic chemical industry, estjecially in the ])reparation 
of cellulose acetate for films, laquers, plastics and artificial silk; and 
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ill the preparation of various organic acetates, such as methyl, ethyl 
and amyl acetates which are used as solvents. It enters in the manu- 
facture of various synthetic organic chemicals such as indigo, salvarsan 
and acetyl-salicylic acid. It has also several miscellaneous uses, as in 
textile plants in the dyeing process, in laundries, in tanning, and in 
the manufacture of insecticides, soai)s, toilet articles, and chrome yellow. 
It is also used on rubber plantations fm coagulating the late.x. 



Fig. 7.— Retort House, C'ouler.s, .mikI ( luuvoal She I,s. 


Acetone 

Acetone is used largely a solvent and for certain ])urposes of 
this kind it seems to be almost indisjx'ii.sable. T'his is especially the 
case with certain cellulose acetate films and lac(|uers, wFich require a 
large proportion of acetone in the solvent for obtainir.g the best re- 
sults. The smokeless powder used by the British (lovernment is 
generally made with acetone as a solvent. Large quantities of acetone 
have also been used as a solvent for acetylene in portable lighting 
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and welflinj^ outfits. About the only eheniieal use of acetone is in the 
manufacture of cliloroforni and iodoform. 

Wood Alcohol 

Wood alcohol has a lar^e number of uses for which there seems 
to be no substitute i)ossible, h'ormerlv the largest use of wood alcohol 
in this country was as a soKent in the manufacture of varnishes 
and lacquers, esjiecially those c*ontainin|L; shellac, d'his use has, how- 
ever* declined very rapidly of lak*, and onlv small (|uantities of wood 
alcohol are now bein^' used for this purpose h'he uses in which 
wood alcolu)! enters into chemical reaction with otluM' materials have 
been rajiidly ^j^rowin^ and about the only important lemainiiiiL; use of 
wood alcohol as a solvent is in connection with the manufacture of 
movinj^-])icture lilms. Its main chemical use is i)robabl\ in the manu- 
facture of formald(«liyde, as it is the oulv raw material from which 
f(jrmaldehyde has been ])rodu<'ed commen iall\ . h'ornialdehxde is a 
standard disinfeilant for i;eneral use in hospitals and sick rooms. An 
even more inqxnUant use for formaldehvdc. however, is found in the 
eradication of various {uiymis disca.ses which attack sird .grains, d'he 
Department of Aji’idculture has R'commeiuk'd the use of formaldehvde 
treatment for jiolatoes and for manv j^rains, m onler to prevent these 
diseases and iiK'rease tlu' viclds of the products hArmaldelufle is also 
the base used in the rapidly increasing pioduction of s\utheiic resins, 
such as Ik'ikelite t^nd Kedmaiml. Wood alcohol is now used in the 
])reparation of certain dves which re(juire the presence of the methyl 
{i^roup. A1 ethyl ai'etate and methyl salicylate, or artilicial oil of winter- 
j^^reen, and other similar methyl esters re(|uire wo(»d alcohol in their 
production. 

Methyl Acetone 

Methyl acetone, which Is a mixtuie (»f w(K>d akstliol, acetone, methyl 
acetate and other impurities in small (juaiitities, is obtained durinjt; 
the refining of wood alcohol, d'his material naturally varies in com- 
position as produced at dilfereiit relinin}; ])]ants. but it has the same 
.tjeneral uses in all cases— namely, as a solvent. It has solvent pro]>- 
erties v^ry similar to acetone and in i^eneral superior t<t those of jmre 
wood alcohol. Its special use, however, is in the denaturiiyo of ethvl 
alcohol. 

Wood Tar 

Wood tar has not yet lurome an imjiortant product of wood dis- 
tillation, althou^di there has been considerable development aloiij:^' this 
line within the last few' years. hkUation oils, solvent oils, heavy tar 
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oils for paints, stains, preservatives and insulating [>itch are some of 
the important products ohpiined from w(K)d tar. One important prod- 
uct for which wood taj/is the only raw material is the medicinal 
beechwood creosote which has been manufactured to a considerable 
extent in this country since 1915. 



(Chapter Jl. 

Wood, th^ Raw Material. 

Tlw three iiiaiii eonstitnents existing separalelv in woods are the 
wood fiber, tlie extraetive.s and water, 'I'lie wood fiber is a ligno- 
eelliilosc whie'h, as will he seen lattT, does not chftVr markedly in 
different sjtecies exce])t between the twfj main divisions of hardwoods 
(deciduous woods. ani^iosiKnin.'' ) and softwoods (conifers, evergreens, 
resinous woods, i^yfiinosperms ). 'fhe extractives are the substances 
soluble in neutral solvents and may consist ih Rums, resins, tannins, 
volatile oils, hitter principles, carbohydrates or colorinj:^ matter. Most 
of the strikinjL^ difiVrences in woods, such as color and odor, are due 
to the extractives alone, hut dilTerences in s])ecific <.iravity may he due 
either to extr.actives or to the physical structure of tin* fibres. Water 
is always a natural eonslitueiit of the wood and is present in most 
wood even after it has been dried by any (H'dinary method. It is 
not an important (xaislitnent (hemieall)' eseej)! that it is very variable 
and the am(»mit of it jiresent must he known in order to determine 
the exact amount of dry wood in a known amount of wad wood. This 
may seem self evident hut it is a point fre(|ucntly o\erlookcd in both 
industrial and experimental work wfitli \\a»o(l. 

The dividing; line between these main constituents is sometimes 
hard tr) di^tinj^misli, as ftir in.stance whether a certain ^nm is an easily 
hvdndi/ed constituent of the lipio cellulose oi whether it occurs as 
an extractive separate* from the lij^iuj-ccllulose. 'The duvidiiiR line be- 
tween water and wood fiber is usually drawn at 105" f '., although at 
higher temjieratures .small aiintunts of water may he driven off which 
may not he strictl) water of eonstitutioii. 

Wood Analysis and Composition 

Methods of anal>.sis ha\e been developed for wood w'hieh *dcter- 
mine quantitatively the \arioiis constituents or gnmps of constituents 
existing separately in the wood and also the \arious ehcmica] groiqis or 
radicals which , exist in the ligno-i dlulose aggregate. Commonly the 
constituents thus determined are not all distinct and se]>aratc .so that 
the results arc not additive hut Dore ’ has succeeded in arranging 

^ Jour. Ind, Clinii. u. 55 (> ( ioki ) 
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the percciitaj^(* results of certain determinations so that they add to 
approximately loo per cept in the case of softwoods. Some of the 
“constituents” are very itidefinite in composition ami some arc merely 
chemical constants of the lij^no-cellulose or of the total wood, hut if 
the methods by which they are determined are s])ecitied in detail the 
analytical results can he dujdicated with fair accuracy. Very wide 
v'ariations can he obtained hv slight modilication of the method of 
analysis or of the method of preparing^ the sample, so that results 
by different analysts usually can not he compared. ( )ne analyst may 
determine that the cellulose in a ceftain species of wood is 65 per 
cent and another may find 55 per cent. Tliis may not he due to faulty 
methods or caia^less work hut to the fact that the two analysts have 
different detinitioiis of “cellulose.” ddiere is also a- variation in com- 
lK)sition of wood from different trees of the same species and from 
different ])arts of the same tree, so that the averag^e composition of 
the wood of one species can not he based on one 01* two samples unle.ss 
these are conij^osite samples carefnllv selected. 

It was with these facts in view that a scries of chemical analyses 
of waK)d was started h\ the iMwcst Products Laboratory some time 
It was decided that the results should be as truly comparative 
tor the different sjiecies as was possible with a reasonable number of 
analyses and, tlierefore, samples were selected willi care and the same 
methods of analysis, with slig^ht modification, were used throughout, 
'fable 4 gdves the main re.sults of this series of analyses.' 'flie re- 
sults of other iinestijgators are not mentioned since the\ would not 
be comparable with these and no other so c(»inprehensiv(‘ series of wood 
analyses exists. 

The hot and cold w'ater soluble and tbe ether solulile determina- 
tions represent in(»sl of the extractues, the first twai including the 
gums and tannins, the last including tlie resins and \olalile oils, 'fhe 
I per cent sodium hydroxide soluble includes most of the extractives 
as well as part of the iientosans and certain ill-delined portions of the 
lignin. 

ff'hc figure for “acetic acid by h\drol\si.s” is the percentage of total 
volatile acid (computed as acetic acid) obtained bv boiling tlie wood 
with j/j per cent sul])huric at id. 'fliis total \olatile acid usually 
contains a small proportion of formic acid. 

The methoxvl grt»ups (LlJ.tO— ; are determined by treating the 
wood*with hulriodic acid and determining the amount of methyl iodide 
formed. 

The pentosans are determined from the amount of furfural formed 
on boiling the wood with 12 per cent hydrochloric at;id. Sometimes 

^Schorger, Jour. hid. I'un. Clu-w. tj, 556 ainJ .s(.i (ko?). 

■’The work starttH by Seborgrr Ims been tontmned bv Mahood aiul Cable, Jonr Ind 
Eng. them. 16, 3752 (1922), and by Kilter and J-'lcck, Jour. hid. Eng. ihem. 16, 4337 ^1922). 
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methyl pentosans are also determined, but these seem to have little 
significance and are not ♦h^cluded in Table 4. 

Cellulose is such a poorly defined material that there is much 
difference of ojanion as to wliat wood residue should he called “cel- 
lulose” and there is a tendency to write the word in (|Uotations so as 
not to convey the im])ressiun that a certain definite compound is 
meant, hut in this discussion cellulose is fairly closely defined by the 
method of se[)arating it. By treating die wood with chlorine gas, a 
water solution of sulphur dioxide, and hot water in this order* re- 
peatedly until all color has been removed, a residue is obtained which 



is the “cellulose” of this discussion. I'liis is the “Cross and llevan” 
cellulose which has been the basis oi the anal>sis ol many ccllulosic 
materials and the results of its determination can be duiilicated with 
accuracy. That this cellulose is not of the same composition when 
prepared from different woods is shown, however, by the variation in 
the values for “pentosan in cellulose” and for the alpha, beta and 
gamma cellulose. 

The lignin is obtained as a residue on treating the wood with 70 
per cent sulphuric acid. The cellulose as separated hy the method 
described above is subsequently divided into three kinds of cellulose, 
the alpha cellulose being insoluble in 17.5 per cent sodium hydroxide, 


* See SchorgtT and Mahood and Cable for details. Lor, cit. 
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the beta being st^liible but re])rcci})itatecl by acetic acid and the gamma 
being soluble and not reprecipitated. • 

It should be noted here that each of these detenuinations except 
those under the heading “In cellulose” is made on a separate sample 
of w(Jod and that many of the constituents overlap. I'or instance, most 
of the cold Water soluble is also determined in the hot water soluble, 
most of the cold water, hot water, and ether soluble in the alkali soluble, 
most of the inethoxyl in the lignin, and part of the pentosans in the 
alkali s()luble. ^ 

Aside from the results shown in 'Table 4 there are a few series 
of determinations of single constituents of woods which should be 
mentioned ht're. Methoxyl determmalioiis on a l.irge number of 
woods have been made by llenedikt and I»amberger.’ In comparing 
their figures with thosi' in 1 able | it should 1k‘ noted that they express 
their results in tenps of “m(‘thyl iimnhers” insterel of methoxyl and 
that their figures should, therefore, he multiplied bv 31/150 for 
proper comparison, 'lliey suggest this inethoxyl determination as a 
measure of the “lignification” of the wood, hut Table 4 shows that 
there is no close relation between the amounts of methox>'l and lignin. 

1 he nitrogen content of se\erai sjKries of wood has been deter- 
mined by Koenig and liecker and tlK'ir n'sults an* shown in J'able 5. 


TWWM 5. 

.\ 4 ik(m.i\ ((»\i!\r t>F Wood. 



1 ’rotein 
i\ X (. J5 

Nitrogen 

I'ir No. I 

Per cent 

1 Ji 

P(‘r cent 

0 ly 

Tir No. 2 

1.21 

o.iy 

Pine 

1 27 

0 20 

Rircli No. 1 

1 2«) 

0.21 

Birch No 2 

220 

0.36 

Poplar No. I 

J .In 

u 22 

Poplar No. 2 

1 1 1 

0.18 

Beech 

1 58 

0.25 

Ash 

1 .to 

0.21 

Willow 

1 17 

0 ig 

Alder . .\ 

j 8g 

o.jo 


Many other determinations of various constants and constituents 
of these species are also reported in this article, but they will not 
be given hcre,^since they are not closel\ comparable with the results 
given in 'Table 4. One point of sjiecial interest is that they re])ort the 
lignin content of conifers to be regtilarly higher than that of hardwoods. 


“ Monatsh, //, j()o (iRgo). 

* Papicr-Fabrikant 37, 981 (1919). 
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The content and composition of the ash in various sj^ecies shown 
in Table 6 are taken from White’s work/ 

1'he variation in chemical composition between heartwood and sap- 
wood has not been systematically studied, but in general the extrac- 
tives are hioher in the heartwood, this being surely the case with resins . 
and colorin^^ matter. 


TABLE (*. 

Analyses oe \\u)od Ashes. 


S|)c‘cics 


I lardwoofN 

liickun .... 

Red oak 

White oak 

Post oak 

J)ogwood 

Ash 

Chestnut 

Sycanuire 

Magnolia 

Average for harilwoixE 
Softwoods 

Pitiiis palusliis 

Pinus niitis 

Picea nigra 

Average for softwoods, 


Ash roiitcnl of 
dry wood 

Potash ill ; 
(K.O) 

Pvr cent 

PtT cvnt 

0.81 

1H93 

0 94 , 

16.41 

0.41 

29.90 

i.Ji 

15.46 

1.05 

20.03 

047 

34 74 

0.20 

13.33 

1.10 

18.24 

0 67 

19 54 

0 76 

20 28 

054 

15-35 

038 

12.97 

0 32 • 

10.43 

041 

12.91 


Variation in Composition of Species 

1 he main variations in com])osition are between the hardwoods and 
the softwoods. I he hardwoods are generally higher in the amount 
of acid by hydrolysis, niethoxvl groups, j)entosans, and pentosans in 
cellulose, d’he ash and (he jKdash content of the ash are also higher in 
the hardwoods, t ontrary to the general <»])inion the cellulose is not 
generally higher in softwoods and (he lignin is not generally higher 
in hardwoods. 

Ihe high ether soluble in longleaf pine and Western yellow pine 
is du(i to the high resin content of the wood from these species. The 
high water soluble in Western larch is due to a gum, galactan, which 
occurs in unusually large quantities in this .species.^ d'he coihposition 
of the material which furnishes the high water soluble value for mes- 
quite is not known. I he action of i per cent sodium hydroxide is 

m 

21 (19^9)^’ ‘ Exj)crinunt Station. Keportt d by Batnnaii, Chnn. & Met. Eng. 

* Sflior^cr and Smith. . 7 . A C. .S'. 8 , 404 (1910). 
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greater on hardwoods tlian on softwoods, the average of hardwoods 
from Table 4 being JI.5 per cent and the soflv^'()ods 17.6 per cent. This 
difference is more marked if we exclude the ‘woods which have high 
water soluble or ether soluble and include only those in which the 
action of the alkali is mainly on the ligno-cellulose (])rol)al)ly on the 
pentosans). Excluding mescpiite from the hardwoods and longleaf 
pine, Western yellow ])ine and larch from the softwoods, the average 
solubilities in alkali of the rest are, res|)ectively, 20.5 i)er cent and 
15 p^r cent. 

Another difference between flie hardwood and softwood groups 
which does not show in the table was studied by Seborger who found 
that all the softwoods contained maimaii, some in quantities as high 
as 7 per cent, while the hardwoods contained none of this substance. 

Effect of Composition on Value for Distillation 

» 

There arc no direct ami quantitative relationships known between 
the comi)osition of a wood and the value f(‘r distillation, that is, chem- 
ical analysis will not give sufficient information on which to base 
the probable yields of distillation jiroduct.^. 'I'here is, however, an ap- 
[lareiit connection between some of the values determined by analysis 
and the yields of methyl alcohol and acetic acid. It would naturally 
be expected that the methoxyl groups would be the only source of 
methyl alcohol and that the yield of this product by destructive dis- 
tillation would, tberefore. bi’ar a relation to the amount of methoxyl 
in the wood. To a limited extent this is true, but unfortunately only a 
small and variable part of the methoxyl in the wood forms methyl 
alcohol on distillation. It has been noted that the hardwoods have 
generally higher niethowl values tlian the softwoods and it is also 
title that the yields of methyl alc- liol are also higher from the hard- 
woods, but the ratio of metlioxyl grou])s to methyl alcohol is not the 
same in the two classes of wood, being about 4 for certain hard- 
woods and about 7 for certain .sofiw'oods. I heie are not enough figures 
available to show whether thi‘se ratios lu»ld for all s|)t^cies, but in 
the case of maple and birch, which differ in methoxyl content by about 
I per cent, theie is a corresponding difference in methyl alcohol yields. 

'fhe acetic acid bv hvdrolysis is higher in hardwoods and the acetic 
acid by’ distillation is also higher, but here there is no sort of regu- 
larity in. the ratios between these values. In fact, it is unlikely that 
the acetic acid obtained from w(»od by these tw'o methods comes from 
the same part of the ligno-cellulose, since cellulose yields little acetic 
acid by hydrolysis but c'on',iderable by distillation. Klason has also 
shown that birv*h cellulose yields much more acetic acid on di.stillation 
than spruce cellulose. 

“The Chemislry of W'ood, 111. Jour. InJ. Eng (.hem. Q. 748 (jgi?). 

.'trit/z' fur Kemi, Min. och Geo! , J007. Z. aiiije^v ( hrmie ‘s, (ujog) 



42 


WOOD DISTILLATION 


It is not known just what effect the various extractives may have 
on the yields of distillatyWi ])ro(Iucts except in the case of very resinous 
woods, such as “lightwood” or stunipwood from longleaf pine where 
the resin is the source of the main valual)le distillation ])roducts. "J'his 
will he treated as a special case in another chapter. 

It is also unknown what effect the other differences in composition 
between hardwoods and softwoods have on the ])roducts of distilla- 



Kic: 0. — Charcoal ifuinc; from First to Second Coolers, 


tiou. The much greater ])ro|>ortion of pentosans in the hardwoods must 
influence the distillation products in some way, hut this effect has 
never been noticed. 

When we have more conijtarative figures on chemical analyses and 
yielcla of distillation jiroducts not only from the same sjxicies but 
from the same pieces of wood it will ])rohal)ly he i)ossihle to hnd 
some closer connection between analvses and yields, but at present the 
data are too fragmentary. It may be jiossible sometime to determine 
the value of a wood for methyl alc(»hol jiroduction from the methoxyl 
content and even at present the greater value for methoxyl than for 
the methyl alcohol oluained hy distillation is useful in showing the 
possibility of greater alcohol yields. 
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Yields from Various Species Forms 

t 

As will be noted in a future section the yields of various products 
can be varied by the conditions of distillation and, therefore, most 
of the comparisons of s})ecies and forms to he ^dven here will be 
from one series of tests made under as nearly as possible the same 
conditions. With the usual variations in the wood from the same 
specie,s and with the dilbculty of controllin<^^ the distillation conditions 
it is 'not to be exjx'cted that one of two test runs will j^ive the average 
for the species, but only by careful selection of the wood and averaging 
the results from several runs can satisfactory tigures be obtained. Most 
of the results gi\’en here are taken from the Forest Service work on 
this subject.'^ 

The distillatitms were made in a hori/imtal, cvlindrical retort 15" 
in diameter and long, heated by an oil jacket, kbe average moisture 
content of the wood was determined from small blocks cut from se- 
lected ])ortions of the charge just before going to the retort and the 
yields were computed on tlie dry weight of the wot)d. The acetic 
acid yields are the total volatile a(‘id figures determined by distilla- 
tion and titration (d* a portion of tbe pyroligneous acid, d’his intro- 
duces a slight error, since some formic acid is always present. 'I'he 
alcohol yields are determined from the specific gravity after several 
distillations with excess of sodium h\droxide; they, therefore, include 
acetone, methyl acefate and other low gravity products which may be 
present, but the methyl acetate would be mostly hydrolyzed by the 
treatment and acetone occurs only in small quantities when wood is 
distilled under these conditions. 

Table 7 gives the yields of alcohol and acid from several forms 
and species. It is seen that the sjiecies most commonly used for 
distillation, beech, birch and nuqile, are among tbe highest, while oak, 
which has only recently been used in large (plant it it's, is lower in both 
acid and alcohol. Hickory, elm and ash are also high in alcohol yields. 

Idle variation in yields betw’een heartwood and sa])wood or heart- 
wood and slabs (sapwood and bark) is \ariable both in amount and 
directi(jn. d'he high acid yield of beech slabs is shown to lie due 
to the sapwood, while the high alcohol yield of maple slabs is due 
to the bark. Much further work needs to he done to get figures on 
heartwood, sapwood and bark for the different species. 

Similar small scale experiments have recently been made on 46 
species of wood from South India, Mysore and Baroda.^- None of 
these woods gi •es yields of both alcc»hol and acetate as high as the 

” Dept Agr. Bulls, i^g and 508, ‘‘Yields frum the Desti active Dustillation of Certain 
Hardwoods.’’ 

Watson and Sudborongh. Jour, hid Inst Sci., Vol 2, Part VII, p. 79 (1918), and 
Vol. 3, Part IX, p. 281 (1920). 



TABLE 7. 

Yields of Alcohol and Acid from Various Species and Forms of Wood. 
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TABLE 8. 

Yields of Pvroligxeous Acid, Charcoal and Tar from Various Species of Wood. 


Locality 

Indiana 

Penn. 

Wisconsin 

Penn. 

Wisconsin 

Penn. 

Missouri 

New Jersey 

Indiana 

Indiana 

Arkansas 

Missouri 

Penn. 

Wisconsin 

U'isconsin 

/Tennessee 

\Missouri 

Wisconsin 

Missouri 

Tennessee 

California 

California 

Louisiana 

California 

Ui 

nj 

H 

1 Mean 

o q •^00 •t'O n ^ -r o »no ro »-• -o in lo • 

^ oocs 'dodvo 


vq o. in fo N fn >n i>| . o c o a* •- oc - o oco 

O O 00 d CK N i-i fO ‘ -^tOO' N I'.OC !>. "OO - O 00 00 

Heart 

i-_ o 'O »o i-v !>. o fn m -r «-* o « m -r n c • ^ 

d> d» a> N N "i ~ovC' o >-'''* c^i N « c d^ ' i ^ 

Charcoal 

1 

q ^ in q ro O' f'l 'T • c •-* o oo O' "f •'o n • vo o n 

•- ^00 t ’s N 00 c • o o d' N N o o • d vd id 

Tf'. 

-f rn « c O'sO ''1 1 N c c oo «n ■ o. O' -r N 

O N 00 CO "i- t'x !>. N * O iC C O * 1 " -t u i d ’ -C • 

•'n fO "T *0 • in -t 1+ rn ”1" 'T "f ’T • "T T 'T 

Heart 

'O c ’too H 00 \q 1-^ »9 q o q 1 X >'1 o ‘ 

ro o Old d d 'd L tv d. ''i in d Ci >- »- oo ‘ o lo od 

• 

Pyroligneous acid | 

c 

a 

o 

00 in 'Ti q i-< X • O' O' N in 1x0 o i , ix >-1 xoo 

rA in d in n -4 m n >- 4 mid N -t 'f C •’ m d 

rn I'o fn '’c I'n "0 • m <0 •'o ’o <n ”0 I'd I'o • rn ^n 

t7) 

-t •'1 ’t'O ‘OvO c -’t q in m -t oc- , co ; q 00 Oi 

in in ’t 4 ■- 4 I'l c • -< -t 4 1 *> I- ■'1 X' ’t ‘ O'' • 4 d 4 

ro PO m m 1 ^ m ro • rn rn IT) r*". '‘1 fn N • '’C dl ro 

Heart j 

fn 0 f N - m ix in *to ox X' - 

N m 4 lx 4 •’OX 0 tx I'l m 4 in -nc '■n 'n m ix 1 - n 

4 'ni^'’ 0 'O*^'nirn''n'nrnrn'n'n'^j "c ''o •i’ot; ‘fnin 

u 

Beech 

Birch 

Maple 

Red Gum 

Chestnut 

Hickory 

W’hite Oak 

Tupelo 

White Elm 1 

Slippery Elm 1 

Silver Maple 

Green, Blue and Yellow 
Ash 

Black Ash 1 

( rreen Ash 

Chestnut Oak 

Tanbark Oak 

Black Oak i 

Swamp Oak j 

Eucalyptus j 
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standard American woods, beech, birch and maple. Pour species give 
alcohol yields of more than 2 jjer cent based on the dry weight of the 
wood, l)ut the highest Jicid yield from any of these three is only 4.94 
per cent. This is also the highest acid yield from any of the 46 si:)ecics. 
The distillations and analyses were carried on in much the same way 
as those recorded in Table 7 so that the results should be comparable. 

Table 8 shows the yields of pyroligneous acid, charcoal and tar 
from the same distillations recorded in 'Pablc 7. These figures are 
not of so much im]>ortance and can not be compared so accurately 
on account of the fact that they may be made to vary to a certain 
extent by the maximum temperature to which the charge is carried. 
For instance, a slightly higher final temperature will certainly de- 
crease the yield of charcoal and i)ossibly increase the yield of tar. 
The pyroligneous acid figures do not vary widely and seem to have 
no particular significance, but there is a certain amount of relation- 
ship between the tar and charcoal values and thusc for wood alcohol 
given in Table 7. 'Phis relationship is brought out in 'Pable 9 in 
which are arranged most of the s])ecies of Tables 7 and 8 in order 
of the alcohol yields. 'Phe tar and cliarcoal figures are seen to arrange 
themselves in some semblance (jf order, the tar values decreasing with 
decreasing alcohol and the charcoal values increasing in the same direc- 
tion. Especially noticeable are the high charcoal values for the oaks, 
chestnut and eucalyptus and the low alcohcd and tar values for chest- 
nut. It is not known how much significance these figures may have, 
but it is |X)ssible ihat more accurate and complete (P'terminations would 
give more regularity in this arrangement and dcwelop more definite 
conclusions. 


TABLE 0. 


Rei.ation bftwkkx Ytf.U)S of Ar.coHOL, Tar and Chaiuoal, 


Species 

Alcohol 

Total tar 

Charcoal 


JVr cent 

Per cent 

Per cent 

White Elm 

2.12 

12.1 

40.0 

PJickory 

2.08 

130 

377 

Maple 

I 94 

12.8 

40.9 

Mixed Ash 

I Qi 

1 1-3 

41.0 

Silver Maple 

189 

12.1 

41.2 

Black Ash 

179 

IJ 4 

4« 5 

Red Gum 

1.7h 

117 

' 38 9 

Tupelo 

1.5h 

10 6 

44.1 

Swamp Oak 

1.50 

7 3 

4h.5 

White Oak 

T..t4 

7-8 

457 

Eucalyptus 

«.33 

37 

48.2 

Chestnut Oak 

I 20 

10.2 

46.9 

Chestnut 

.90 

4.6 

47.6 


” Beech, slippery elm, taiihark oak, and birch are h ft out, since they do not follow the 
general rule for the other species. 



IVOOI), THE RjUV material 


47 


TARLK 10 . 

S^rv\I.[. S< ALK DisTII.I \'l lltNS llV^SjM JT. 





1 otal 
(lisiillalc 

'far 

Acetic 

acid 

Charcoal 

Cas 

* 


For cent 

Fcr cent 

Fer cent 

Per cent 

Fer cent 

Betula alia 

...\a 

.SI o.S 

S 4 <» 

S-t >3 

20 .J 4 

04.71 

(Birch) 

<h 

4-* 

3*^4 

4 13 

J1..F) 

35.56 

Fagns sylvatica .. 

. Li 

SI ^>S 

’ S^S 

S-’i 

J(i tx) 

21.66 

( Beech ) 

/h 

4 t.LS 

4 n<» 

3H'‘ 

ji.no 

33.75 

Querctis rohiir . . . 

.. \a 

4 J^iS 

3 7 " 

4 (»S 

3 0'-^ 

17.17 

(Oak) 


IS-M 

3 

3 tl ! 

*■'7 73 

-7 03 

Finns atiir"5 . . 

(a 

4 ^^ 37 

4 4 - 
^)77 

j 73 

.40 -7 
J41S 

2436 

24.07 

(Fir) 

(h 

SI 75 

3 ' I 

Finns larix 

....ta 

« 

51 61 

n 311 

0(1 

jO 74 

21.65 

(Larch ) 

(I- 

' 43 77 

5 S-'^ 

j 00 

J4 (X) 

3-2.17 


a — slow distillation. 
1 ) — fast distillation. 


Wo have no snch complete li!.inres for the alcohol and acid yield.s 
from softwoods, hui the general rule is that the \ields of these products 
are very niiuh lower, so low in fact that there is not much interest 
in determining the i^xact tii;ur<‘s. |)oiiiilas hr has hecii shown to give 
about .fxj per cent alcidnd and 1.5 per cent acetic acid when distilled 
in semi-comniercial apparatus.” d'he lignres in 'I able 10 taken from 
SeiifiV*’ are not coniparabl<‘ with those m the pia vioiis tables because 
they were obtaim-d under dilTereni conditions of distillation, but they 
show the relative \ allies (d* baidwoods and softwoods for acetic acid 
production. 


Moisture Content of Wood 

Moisture occurs in wood in at lea^t two ditli'ient forms: (1) the 
water ticcurring as such between the fibres ot the wood and (2) the 
water ad.sorln'd in the ligno-celliilose. d'he water occurring between 
the wood fibres acts like aii\ other free* water and evajxirates into 
unsaturatdd air until it is all removed, d'he adsorbed water, however, 
is decrea.s'ed in vapor ])ressitre and there is a definite e(|iiilibrium be- 
tween the I'lmoimt of adsorbed watt'r, the temperature, and the humidity 
of the air with wdiich it is in contact, 'fins e<(uilibrium relation be- 
tween moisture Jn wood and the bumidil} of the air is shown for 

Conipulc(i fiotii rrsiill'. nl limit. /I < m L oit\t I u.iibci nuin, igi^, assuming the wood 
used to euntam is pm roil nmistuie 
'^Benchtc 18, bo (1S.S5). 
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three different tempernturcs in Fii^ure lo.”’’ d'his lij^ure shows, for 
example, that wood in ^'ontact with air of 50 per cent humidity at 
70" F. can not he dried helow about p ])er cent moisture content. It 
shows also why "air dried” wood may vary from 5 to 25 i)er cent 
moisture depending on the temperature and humidity of the air. 



Fh.. 10. — Relation between I lumidity of Air and Moisture Content v)f Wood. 

A green freshly cut idccc of wood may contain as much as too per 
cent water, although the usual figure is nearer (%) per cent. Contrary 
to the general belief there is very little difference between the moisture 
content of wood from a tree cut in the summer and one cut in the 

Taken from Kiln-Drvtng Handbook. Htpl. Ajjr Hull No i j Tor jnany y«’ars the 
moisture eonfcnl of wood lias 1)ecn delei mined on the basis of the dry weight of the wood in 
all the experimental work of the Foiest Set vice. That basis is used here. 
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winter. The question of whether the “sa]) is u])” or “clown” is not 
important, because the activity of the flowing sap in the spring does 
not necessarily mean that there is actually more sap or water in the 
wood at that time. The sap activity is also confined entirely to the 
sapwood and the lieartwood is not atfected. 

On gradually drying there is no great ('hange in the properties of 
the wood until the water content is reduced to what is called the “fiber 
saturation point,” that is, untjl all the free water is removed and 
the absorbed winter begins to evaporate. As the absorbed water is 
removed the wood shrinks and changes in physical ])roperties, such as 
strength, d'he effect of moisture ccmteni •mi the value of wood for 
distillation will be discussed in anotlua* (hapter. 

Physical Properties of Wood 

It is not necessarjy’ to go into detail regarding the microstructure 
of wood, but a few facts on structure and ])hysical ])ropertics will be 
stated which apply to tlu* wood distillation jirocess. 'I'he structure 
of wood is such that its jirojierties are \er\ ditferent in different direc- 
tions. It is Common knowledge that wood splits will) the grain more 
readily than across tbe grain, but it niav not be common knowledge 
that wood transmits heat much more rajudly in tbe direction of tbe grain 
than at right angles t(» the grain la(|inds or \apor jxmetrate the 
wood more rapidly in the direction of the grain also and this results 
in a more rajiid (having in this dire* tion. 

The specific gravity of w'ood from diflerent species is practically 
tbe same if only the ultimate fiber is considered; the difference in 
gravity of large jiieces of wood (»f different s[)ecies is due to the ar- 
rangement of the lilK'fs In the same way tbe conductivity of the 
fibers is practically the same for ddferent species, the apparent varia- 
tion being due to the structure. Dunlap^'' has determined the mean 
specific heat of the ultimate fiber between and io6" C to be about 
.327 as an average of several species lie has also shown tlie si'ccific 
gravity of several sjiecics to var\ from 1.50 to 1.57.-'^ d'hese values 
for specific gravity were determined by lloating in a concentrated solu- 
tion of calcium nitrate and therefore do not rejiresent the true specific 
gravity of dry wood fiber but instead that of wood fiber containing 
the water, it holds when in equilibrium with calcium nitrate solution, 
ddiis is further indicated by the fact that at 35° the gravity .was 
found to be higber than at 30'' due probably to the smaller amount 
of water a'dsorbed by the wood at the higher teuqierature. 

” Forest Scivice Hull. No. 40, p 8z. 

In some speeir •cases the Inch utavity of a wood may also be due to a latRC propot tion 
of extractives 111 its composition. This is the lasi with wood from lon^leaf pme, which 

contains a high proportion of resin, and quebracho wocmI, which contains a high proportion of 
tannin. 

’“Forest Service Bulletin 110. 

*®Jour. Agr. Research, Sept. 21, 1914, 
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' TABLE II. 

Average Wkights ok Various Species of Wood. 


Species and Locality 


Weights 


- - ■ 

- — 

\iln dry’*'! 

Air- dry 1 1 

Green t 

IIAKDW'OODS 

Pounds per cubic foot 

Ash, black 

()ntonag<»n Co, Alich. 


36 

53 

“ “ 

Marathon Co., Wis... 

.H 

35 

5-i 

“ blue 

l*t)url)on t'n., K} . 

:V) 

41 

4b 

“ green 

Richland Pari^.h, La. 

dH 

3b 

47 

“ green 

Xew Madrid C<>, l.a 

40 

4-^ 

4b 

Beech 

lleiidriiks ('<•. Iiid 

43 

45 

.5b 

. “ 

I^>tter Co., I*a. .. 

4- 

43 

54 

Birch, yellow 

“ “ “ 

43 

45 

5b 

“ “ 

Marathon Co, Wis. 

43 

44 

5b 

Chestnut 

Baltimore ('(•., AM.. . 


.30 

53 

“ 

Seviei Co, 'renii .. 


3>> 

.5b 

Elm, slippery 

1 lend ricks Co . Ind . . 

4- 

43 

53 

“ “ 

Sauk Co, W'i^ 

3<^' 

37 

5b 

Gum, black 

'^evier ( o , 'reiiti 

35 

3b 

45 

“ red 

Xew Ala.lri.l Cn . Me 


35 

4b 

“ “ 

Pemiscot Co., Alo... 

31 

3b 

51 

Hickory, hi^ shellhark 

Sardis, Aliss 

47 

4b 

(»2 

“ “ “ 

.Xapolcon, ()hi<i .... 


57 


“ pignut 

Sardis, Mis^; 

48 

50 

1)2 

“ ‘‘ 


51 

^ ] 

64 

shaghark 


47 

4b 

b3 



I 

54 

f'4 

Maple, sugar 

FTendricks Co , Tnd . 

4f 

43 

54 

“ “ 

Potter (A) , T\i 

42 

41 

58 

“ “ 

Marat lion Co . Wis . 

42 

41 

5 b 

Oak, California 1)1 ack 

PiUtte Co, Calif.. 

37 

38 

64 

“ “ “ 

niiuglas Co., ( )regnn 

30 

40 

68 

Oak, tanhark 

VVillits, Calif. .. . 

4^ 

41 

t )6 

“ white 

Slone Co , Ark 

41 , 

48 

5b 

“ “ . . . 

Hendricks ('o , Ind . 

46 

47 

6r 


Richland Parish, La 

4 b 

48 

b7 

Tupelo 

Si Tohn the P.aptist 





TAirish, La 

35 

37 

66 

Pine, longleaf 

Nassau Co, h'la 

42 

44 

5f 

« a 

Bogalusa, La 

41 

42 

5b 

4( a 

Lake Charles, La .... 

42 

43 

45 

it ti 

T angipahoa Parish, La. 

30 

41 

54 

ti tt 

Hattiesburg, Miss... . 

38 

i 

42 


* About 8 per cent moisture, 
t Twelve to IS per cent moisture, 
t Average green material. 
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J able n ffivcs the wcij^ht per cubic fool of vari<ius s]>ccics (>{ 
wood as determined at the Forest J’roduet.* Lal)oraloi ‘V in connection 
with their strength te.sts.^’ Since the specific _<^ravi(v varies widelv 
with the inoisture content, the latter must always he stated in connection 
with weight fi^mres. 

The wei|;ht per cubic foot is an ini]>ortant jirojicrtv in connection 
with wood for distillation, since it i^overns the actual amount of wood, 
the weij;ht, in the common ^init of measure, the cord. ^Vood is 
conjmonly cut, split, hauled and sohl hy the cord and the cajiacity 
of the commercial distillini^ ajijiaratiis is determined lari;elv 1)\^ its 
volume. Lari^ely on account of common jiiactic'c, therelnre. a li.ei’ht 
wood, such as red gum. is not so valuable for disllh.ition as a heavy 
wood, such as oak, although the former may give higher \ields of 
valuable products on a ]>ercenlage weight basis, d here is, how(‘\er, 
one advantage held bv the hgliter wottd (wht'n compared on the 
cord basis), due to its lower fu(‘l refpiirement of distilling and for re- 
fining the ])roflucts, but this is a lacdor not oftiai recognized as 
iniiiortaiit and not easily determined with accuraev. 

Decayed Wood 

( )nly a little work has been done on the ellect of di’cav on the 
chemical ])ro])ertics of wood. Rose and Lisse sh(»w{‘d that Douglas 
fir, a softwood, when subjected to di'cav loses cellulo^e more rapidly 
than any other ymstituenl. 'fhi- was (smlirmefl by Mahood and 
Cabk' and by llray and Staidl-* in work on the decav of a ]>ul])- 
W’ood, white spruce, also a softwood. ( )lher change's in composition 
were observed but the main one of im])ortanc(‘ to wood distillation 
was that tlu' cellulose was apjiareiitl) attacked first and the lignin 
was not much affected. 'That i ., m partly (Uaayed wood the lignin 
and the methoxyl groups are in liighei ])roportion by weight than in 
sound wood and, therefore, on a [icp-eatage weight basis the yields 
of both alcohol and acid from de.^tructixe di^lillation of decayed wood 
might be greater than from sound wood, f )n the other hand, from 
sticks of the same original weight one sound and the other jiartly 
decayed, the former would certainly give more acid and probably more 
alcohol, 'fhis conclusion woukl be a safe one only ini assum]>tion that 
hardwoods are affected by decay much the same as softwoods and that 
different kinds of decay effected by different species of fungus had 
much the same effect. The latter assumption is unsafe since johnsen 
and have rei)orted one case where decayed wood had lost lignin 

instead of celljilose. 

’M’uJCst Products L.it)OT:itoi y 'lichiiiial Nntf Ko P i t 

^^Jour, Ind. Client. 284 (i*)!?; 

Paper 24 (1020). 

Ind. Eng. Clictn. 14, 3'^ (1022). 
fhem, & Met. hng. 2S, 257 (1922^. 



Chapter III. 

The Decomposition of Wood by Heat. 

'riie publication on wood distillation in which detailed temperature 
figures were first «^i\en was that of Violette.^ hie published a table 
showing the ])ercenlage weight of the residue from charges of wood 
after having been healed to different 1em])eratures from 160° C. to 
the melting point of i)latinum. The weight at C. was taken 

arbitrarily as 100 per cent, since it was difficult to decide where the 
drying of the wood ceased and the destructive distillation began. 
This table showed a continuous loss in weight with increasing tempera- 
ture, the ral(‘ of loss being jiractically the same from to 270’ 

but very much slower from 270'’ oiu\ard. X'iolette’s results have been 
used rejieati'dly in the literature of \\(»od distillation even after there 
was plenty of evidence to question their accuracy and until very re- 
cently their accuracy has not been questioned nor has an attempt 
been made In study them and show why they were w'rong. Thfs 
was ])robably diu‘ to the fact that the hare table of results was copied 
from one jiublication into another until the original \vas forgotten 
and no one knew^ how the results were obtained. Tn fact, the ex])eri- 
mental data of Violelte are probably reasonably accurate and the mis- 
take is due to ajiplying results obtained under one sjiecial set of 
conditions to all otber conditions of distillation. This wall be dis- 
cussed more in detail after the necessary information has been brought 
out, but meanw’hile the necessity should be noted for describing in 
detail where the tenqierature is mca.sured and how the heat is ajiplied 
when reporting the results of temperature measurements on wood 
distillations. This is because wood is a poor conductor of heat, so 
that it is very difficult to heat different parts of a large charge to 
the same tem|)erature at the same time and because the ordinary de- 
structive distillation of wood is an exothermic reaction, so that the 
temperature in the charge may frequently he higher than that aj>plied 
to the charge. 

1'hei next measurement of wood distillation tem[>eratiires was 
made by Chorley and Ramsay." They measured the Temperature at 
the center as well as at the surface fif the charge and found that 

^ Ann. Chilli, phys., Veil 3^, p 304 (1853), and V^)l 30, p. 291 (1855), 

^Jr. Soc. Chem. Ind., Vol. ii, p. 395 (1892^ 
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in the vicinity of 280° C. the reaction became exothermic. The more 
complete and detailed work of Klason, voif J leidcnstam, and Norlin ^ 
confirmed the exotliermic character of the reaction, determined the 
amount of heal given off during the exotliermic stage and, by collect- 
ing and analyzing the products at different stages, gave a complete 
picture of the course of the reaction. A typical Jiagram of the re- 
lation between the tenn>eratures inside and outside the charge and 
the amount of products is shown in h'ig. 11, taken from Klason’s 
article. It is seen that no considerable amount of gas is given off 



-4 -4 « 
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until the outside temperature has reached nearly C. and the 

inside temperature has begun t(j rise rapidly. Some liquid distillate 
is given off during the second and third halt-hour periods, but this 
is the moisture in the wood, as shown by the inside temperature re- 
maining near icx.)'" C. and by the fact that the amount of distillate 
decreases in the next period. When the wood is dried out and the 
inside temperature begins to rise rapidly above 100^ C. the outside 
portion of the,charge is aliove 280^' C. and the reaclion becomes more 
rapid, h'inally the exothermic heat carries the inside tenqierature 
above the outside and during this stage the greatest amount of gas 

* Arkiv for KnnL Mincralogi och Gcologi i. 1-34 (*908); Zoit. anuciv. Chetmc, Vol, 25, 
p. 1205 (1909), iiiiJ Vul, 27, p. 1252 (lyio). 
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and liquid distillate is obtained. Although the outside temperature 
is carried finally to qcx)'' C., very little more distillate is obtained. The 
amount of conihustihlc gas becomes greater than the carbon dioxide 
only after both inside and outside temperatures arc abo\e 350*' C. 

These results show plainly that there is very little decomposition 
of wood by beat at temiieratures below about 250'^’ C., but on account 
of other more indefinite data this conclusion must be limited to the 
conditions of the experiiiK'iit in which the heat is applied rapidly. 
It is a common observation that wood subjected to long continued 
application of niediuin tempeiatures, as for instance in contact with 
steam pifKis, will gradually darken and become brittle with shrinkage 
and loss of weight. Apjiareiitly then in long time periods wood 
can be dccomj)Osed by temperatures much lower than those re([uired 
for distillation in a short time. Sufficient chemical change to have 
noticeable effect on the strength of wood may be caused by tempera- 
tures even below 100^ C'., but these slight changes are not of im- 
portance in connection witli destructive distillation. 

So far as actual destructive distillation is concerned, then, the re- 
action" begins about 250 ' C., soon becomes exothermic and is iinished 
at about 350'' C. Ileyond this temperature the charcoal is further 
decomposed, but largely into gas, no acetic acid or wood alcohol being 
formed. Ko quantitative figures arc available on the amount of 
tar formed when charcoal is heated above 350'' C., but some recent 
work by the author has shown that only very smaiU amounts of tar 
are formed — perhaps a few tenths of a Jier cent. 

Klason’s results do not show the order in which tin* alcohol, acid 
and tar are produced, excejit to indicate that these products come 
together during the exotbennic .stage. It has been shown ^ that in 
the ca^c of wet wood 8 to 10 per cent of the aci<l and 1 per cent of 
the alcohol may distil from the wood before actual decomposition sets 
in, while the water is being driven off, but this may be the result of 
hydrolysis and might not take place if the wood had been dried 
at low temperatures. 1 ‘aimer has also shown that the formic acid 
is th(! hr.^t important jiroduct to be formed, followed by the acetic 
acid, tar, and methyl alcohol in order. 

Klason ^ also found that cellulose formed no methyl alcohol on 
distillation and this led Klar ''' to believe that, since the lignin w^as 
the s(xu'ce of methyl alcohol, the yield of methyl alcohol was de- 
pendent on the projKirtion of lignin in the wood, lie then explained 
the higher yields of methyl alcohol from hardwoods by the higher 
lignin content of hardwoods. We have seen, howq;y^er, that the 


‘Iluwlcy atid Dtpt. A^i. i'ull. No 129, 

^Jour. hid. & tag. them., Vol. 10, l> 200 (1918). 

“ Lot. (it. 

‘ Tcclmuk»}{ie du I [(d/vei kulilmig, Second Edition, p. 12. 
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amount of lignin in different woods does not vary enough to ac- 
count for the variation in yield of methyl ajcohol and that the yields 
of methyl alcohol do not e\en follow the vafiation in incthoxyl con- 
tent. (See |>. 30- ) Klason’s second work'' on the decomjKisition 
of wood hy heat develo])ed many more details, especially on the cause 
of the exothermic reaction and on the |>riniary and secondary products. 
I'his was acconi])lished hy distilling wood under the lowest possible 
vacuum and in a short time, s() as to prevent the secondary reactions, 
aiid^tlKMi distilling at increasing pressures and increasing lengths 
of time ill ordm* to obtain tlu* secondary reactions in increasing pro- 
portions. In cathode-light \acmmi and in two or three hours’ time 
the products (jf distillation were \er\ different from the usual prod- 
ucts, espiH'iallv in the com|>osiiion and anionnt of tar and charcoal, 
and the progress of the reaction was diflerent in that no exothermic 
heat was develo]K‘<l. In orflmar\ woixl <listillation processes the tar 
may anioimt to about 10 per cent ot tlu' waaglit of the wood and the 
charcoal to about 30 per cent, d(‘pending on the maximum temperature 
used. In tins \aciumi disiillaiion the tai amounted to 43.(1 per cent 
and th(‘ charcoal 10.4 iier cent, while in a long continued (14 days) 
distillation under atnio^jiheric jiressure, whereby the maximum sec- 
ondary reactions weie obtained, the tar was J.cS jier cent and the 
charcoal 30. t per cent. 'Jdie .jo jier cent tar obtained by vacuum 
distillation is dirfc'rent from ordinary tar in it-, light color, trans- 
jiareiKW' and liaid consistency ' ; it also decomposes exothermically at 
about J75' ('. int(f water, carbon dioxide, tar coke, and ordinary tar. 
'file exotiiermic cbaractia* of the ordinary wood distillation reaction 
is, therefore*, not due to the t'limary reaction but to a secondary re- 
action- -tbe decomposition of jirimary tar into secondary tar, tar 
coke, etc. Tbe highei yield of (liarcoal under atmos])heric ])ressure 
is ex])lained by the d(*position oi the tar coke on or in the jirimary 
charcoal and ordinary charcoal must, therefore, be considered as 
jiriniary charcoal jihis tar coke. 

'i his conception of ordinary charcoal as prim.u'y i harcoal in which 
.secondary tar coke has been deiiosiied is somewhat at variance with 
(. 'hai ley’s theory of iharcoal as “a stabilized complex of hydro- 
carbons adsorbed in a ba.se of active (absorptive) carbon.” C’haney 
has shown the presence of hydrocarbons wath boiling points around 
3 (m}'' C. in charcoal which had been jireviously heated to 850° C. and 
assumes that the luoccss of activating charcoal consists in the re- 
moval 0/ these adsorbed hydrocarbons by heat or .selective oxidation. 
In Klason’s conception of the comptisitioii and formation of char- 
« 

^ Jour. I ur ptnkt. ilirin. (.?!, yo, 413 (imm). 

•Till- composition of tai was no’ sliolitil, b.it in vii w of the results of I'ictet and 
Sarasin, Compt icml , Jtifi. 3S fioi8), on lln tlistillatnm <<f (dluloM' ni a vaoiuin it would be 
very interesting to sie vvhttliir it cont.imed li \oglneos.iii 
Froi Ci Ain i'l C lirtii Soi., 1910. 
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coal some adsorbed hydrocarbons may be present, but there is another 
component which must .also be removx*d to render the charcoal ab- 
sorbent, viz., the tar cbke which has been der )sited on the primary 
charcoal. If we consider that the primary cnarcoal of Klason is 
absorptive the activation of ordinary (secondary) charcoal would con- 
sist in removing the tar coke and the adsorbed hydrocarbons. It 
would be easy to jirove or disprove this theory by preparing primary 
charcoal by distillation of wood in vacuum and testing its absorptive 
qualities, it lias been claimed that tlic charcoal obtained by distilling 
wood in a current of hot gases is much more absorjitive than ordi- 
nary charcoal and if true this would confirm the theory, since the 



l'l(. IJ I'lfcd P\ I nli<4lK'nlls \(’1<I l''\ .Ipol'Ilf nrs. 


same conditions ol raj)i(l renioxal of j)riniary ])io(lncts exist in a 
current of hot gas a‘> in a vacuum aiul there would be a tendenev to 
form primary charcoal 

With detailed information available on the iiiechanism of wood 
distillation it is now possible to offer some explanations for the fact 
that 'Violette’s figures (lo not correspond with those of Klason on 
the relation between ti‘ni])erature and jiercentage of charcoal. N’iolette’s 
distillations were carried out by means of su])erhcate(l steam in con- 
tact with the wood as a heating medium and the reixualed tempt^a- 
tures were measur(‘d in the outlet from the distilling vessel, d'hese 
conditions otfer several reasons for variation from Klason’s results, 
d'hc presence of a rai)id current of superheated steam in contact 
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with the small pieces of wood (cylinders j Y' x were used) may 
have made the conditions sufficiently like ^hose of vacuum distilla- 
tion, so that the exothermic reaction was n!)t noticeable; there may 
have been a reaction between the wood and the heating medium, 
(steam) which complicated the results of Iho main reaction of the 
decomposition by heat ; the temperature measured only at the outlet of 
the retort only <li<l not represent the actual temperatures to which 
the wood was subjected. W ith all these j)ossible reasons for error 
there vseems to be no further* reason for applying \ iolette's figures 
to the ordinary distillation of wood. 

Methyl alcohol and acetic acid were found by Klason to remain 
practically constant over the entire range ai conditions from dis- 
tillation in cathode light vacuum to i t-<k^y distillation at ordinary 
pressure. A slight decrease in acetic acid with increasing time 
was balanced by an increase in acetone, showing that the latter is a 
secondary product aobtained at the e\])ense of tlie former. Ak'ohol 
and acid arc then tnimarv products and within limits are not affected 
by the conditions of the distillation. Ibis at first seems at variance 
W’ith Palmer's result'^ " in increasing the yields of alcohol and acid 
in commercial operations by controlling the condition? of firing and 
also at variance with the common exjierience of plant operators that 
a carefully fired ^V' hmir distillation will give higher yields than a 
more rapid J4-hour cycle. 'These two .sets of results can be reconciled, 
however, wdien we consider the different conditions under which they 
are obtained, in f*ne case with verv .small evenly heated apiiaratus, 
in the other with large a])])aratus heated mostly on the bottom. 

Ill the first case the secomlary reactions are affected more by the 
time the iirimary products remain in the heated /one than by the 
temperature of superheating, bec.•ln^(‘ the various speeds of distillation 
can be obtained with only slight Tiillerences in the niaxiimim tempera- 
ture. In this case, therefore, rapid distillation nsnlts in minimum .sec- 
ondary reactions (esjiecially when aid(‘d lo high vaenmn). In the other 
ca.se of large scale conimerciai apparatus the usurd speeds of distilla- 
tion are very rapid, considering the ^ize of the distilling ves.sel and the 
length of time reejuired for the heat to penetraU* to the center of the 
charge of wood, and the .speed can be varied r>nly by wide variations 
in the maximum temperatures to which the retort is heated. 'J'he .sec- 
ondary reactions are, therefore, afh'cted more by th(‘ variations in 
temperature than by the corresponding variations in the time during 
which the products are subjected to the high teniiieratures. In very 
small apparatus, therefong methyl alcohol and acetic acid may be 
primary prodiicts not greatly affected by variations in the siieed 
of distillation, but in large commercial apparatus the superheating is 
so great that new .secondary reactions may take place, such as the 

Jour. Ind. Eng. Clicm. 0fj3 (iQJS)- 
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decomposition of methyl alcohol and acetic acid, and these secondary 
reactions will he increas^^d hy greater sjK'cd of the distillation, since- 
increased speed can he ‘obtained only by higher temperatures. 

Formic acid is more inihienced hy the conditions of distillation 
than any other of the single simple products, while acetic acid is 
practically constant. 'I'he ratio between the two, the “formic acid 
number” of Ivlason, can, therefore, he used to determine the amount 
of the various secondary reactions. In vacuum distillation the formic 
acid number (the parts of formic acid to 100 parts acetic aci(^ ) is 
34 and this gradually decreases till with ijj-day distillation at atmos- 
pheric pressure it becomes 5. In commercial operations, especially in 
continuous processes where the true temperature and sjieed are diffi- 
cult to determine, this formic acid number might he valuable to deter- 
mine the amount of suiierheating. 

Klason in this study has also made the first quantitative determina- 
tions of formaldehyde in wood distillation prodiu^Ls. lie found from 
1.27 |>er cent in vacuum distillation to o.Ko per cent in jq-day dis- 
tillation. He states that formaldehyde is not noti(Td in commercial 
products, since in one of the early steps of reliniiig, the neutralization 
with lime, it undergoes s(‘lf-conlained oxidation and reduction to 
methyl alcohol and formic acid. 

It is now possible to speculate on the possible effect of varying 
moisture content of the wood on the yields. Klar says that jilant 
cxjierience shows that tlu* yields of acid are inversely pioportional 
to the water content of the wood. In aiK.ilier ifiace,*'^ however, he 
says that absolutely water- free wood does not give so good yields 
as wood with 10 to 20 ])er cent moisture, i^iimer^^ has made a 
study of this question in small scale apparatus and found that the 
effect varied with the species and with the sjieed of the distillation 
so that no general conclusions can he drawn, llis work was done, 
however, in apjiaratus in which the tenqicratnre conditions could not 
be varied widely (an oil bath was used for heating) and the varia- 
tions in moisture content were also not very great. In commercial 
apparatus, therefore, there may be a general relation between moisture 
content and yields of acid and alcohol, but this has not yet been 
dehnitely developed. It is possible that the main effect of water 
is to regulate the speed of this distillation, as pointed out hy Klar 
and this effect would, in general, be favorable. It is certain that low 
moisfure content is favorable from the standjioint of low fuel re- 
quirements for distilling the wood and refining the jiroductii, but the 
balance between this effect and that on yields has not been determined. 

The details of the progress of the divStillation throiu^iout the charge 

Loc. cit., p. 77. 

Loc, cit., p. 21. 

^^Jour. Jnd. ling. Chem. lo, 262 (lyjS). 

” Loc. ett,, p. 39. 



77/E DECOMPOSITION OF IVOOD PV HEAT 


59 


of wood in commercial a])|>aratii^ lia\c not l»ccn worked out and there 
are various views as to the (exact niean^ h) whiv'h llu wood is heated- - 
by convection, radiation or cinuinction. When we consider the low 
heat condncti\ily of wood it is difficnll to iom])rehend how such a 
large mass can he comt)letel\ distilled in such a short time, d'he 
wood is in large sizes, with lli'‘ greatest dimension in the direction 
of the greatest condiictix il \ (with the grain), and does not come 
directly in contact with tlu' luxitvd walls of the retoit, so that except 
for the small amount of heat transimiu d to the wood through the 
cars it must he heatetl hy radiation or con\(‘Clion. < hi account of 
the low condiuai\’ity of wood it seems impossible that the wood in 
the center of the i harge < .m he heali'd hy condiictu ii through the 
wood from the surfact* of tlu' chargt', and if jiiled at all closely direct 
radiation of hc'at from tlu‘ walls of tlu* iet*)it c<nild not reach all 
parts of the charge, so that coiuectioii currents must he res])onsihle 
for a t»art of the heating. When we n'liuaiiher also that the wood 
often contains J5 to per cent wate-- which must he lemoved be- 
fore destriK'tue distillation will take* itlate. the problem becomes even 
harder. W ilhout the aid ot the exoiheiiiiK leactioii it is doubtful if 
W'ood could he di^tilleii ni an\ praclual length of tinu‘ in the modern 
large o\en. J his ‘iiiieiior luMling” amounts to about J.5 l>er cgnt 
of the fuel \alue ot th(‘ wood and wouhl, iheiefoie, ht' e(jui\ak‘nt to 
the va])ori/ation ol j<» ]>er (Ciil water lioin the wood. I lu‘ exothermic 
reac'tion must, iherelore, j»la\ a largt pait in the distillation of sui'h a 
non-condnctoi as wtiod. 

Decomposition in the Presence of Chemicals 

11 ie lirst woik I'll this snhjed was h\ Palmer,'* who distilled 
mapk* and hec'c'h chips whuh had oeen treati'd h\ boiling and cooling 
111 a solution ol j)hos])hoi 1C au-l With yt» per cent plicisphoric acid, 
niajile showt'd a coiisiderahk' imrease n. . 1 oliol btil none m acetic 
acid. 1 k*t‘ch treated with phosphoric acid m (|Uantities from 4.S per 
cent to ()./ per cent gave large incuaas in both alcohol and acetic 
acid, 'riiere distillations have been repeated’" on maple wood, using 
a different method of distillation without ohtainmg the large increa.se 
of alcohol reported hy Palmer, but in one respect the re.sults were the 
same. With as small an amount of ohosjihonc present as 3 ]>er cent 
the settk'd tar wxis negligihle and the soluble tar was greatly reduced. 
This is tl\e mo-t striking lesult of tieating the wood wath jihosphuric 
acid. 

Palmer also w-'ide a lew’ distillatk.iis with t)ho.s[)horic acid in which 
the pressure in the autocia\e was allowed to rise to tx) and icxj lbs. 

Klasoii, lor, tit 

Junr. Ind L'n^. i lirm. lo, -"fo 

’*• Hawk-y, Joui. .tuL Lnn. i lu m. 1 1. ‘1.1 
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per sq. in., but the yields of both alcohol and acid were reduced by 
these conditions exce]>t »in the case of one erratic and unchecked run 
in which a very high acid yield was recorded. 

Although probably not an effect due to the action of chemicals 
on the yield from the wood, another experiment rc})orted in the same 
paper by Palmer will be noted. l>y mixing equal parts of wood and 
crude wood creosote and distilling under prcs.sures he obtained very 
high yields of alcohol. With pressures of 30, 60 and 90 lbs. the 
increase in alcohol due to the pre.scnce of the creosote wa.s 1.4O 
])er cent, 1.75 ])cr cent and 2.10 per cent, res|)cclively (based on 
the weight of the wood). At ordinary pressures no increase of 
alcohol was obtained from the mixture with creosote. Since these 
increased yields of alcohol may l)e due to the deconqK)sition of the 
tar when distilled under ])ressure, the results will not be discussed 
further. 

In J‘S54 Fremy ''•* re])orted that various ceFiulosic materials, in- 
cluding wood, gave large yields of acetone when distilled in the pres- 
ence of 8-10 ])arts of lime, the acetone being much more than the 
equivalent of the acetic acid obtained by the destructive distillation 
of the same materials without lime. Fasset confirmed thcH* results 
in the case of wood and stated that as little as two and one-half jiarts 
lime to one of wood gave a yield of 20 ]>er cent acetone and mixed 
ketones. In neither of these cases was the alcohol yield reported. 
Jn distilling wood with very much smaller (|uantities of lime it was 
fouiKp' that no increase in acetone v»ais obtained," although the acetic 
acid was very much diminished, but that the methyl alcohol was in- 
crea.sed. In trying other “catalyzers” in order to find one which would 
perhaps increase the alcohol without diminishing the acid, it was found 
that calcium carbonate in large proportion (50 per cent the weight of 
the wood) and sodium carbonate in as small an amount as per 
cent would acconqilish this. With maple wood an increase of 40 
per cent in the alcohol yield can be obtained by treating the wood 
with I per cent sodium carbonate previous to distillation and with oak 
wood the alcohol yield was doubled under similar conditions. The 
acid yield is decreased very slightly, if at all, and the acetone is not 
increased. ( )tlier mild alkalies such as sodium silicate give similar 
results. A large number of other catalyzers have been tried without 
any promising results. 

Jh order to get these favorable results it is necessary to have the 
wood evenly treated with the sodium carbonate. In the case of treated 
blocks 6 inches long in which the ends and the sapwood only were pene- 
trated by the solution, the effect of the sodium carbo<i'.ate was dimin- 


Ann Chrm. 1$, 279. 
t hem. & Met ling 20, 190 (1919). 

“‘Hawley, Jour. Ind. Eng. Chem. 14, 43 (1922). 
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ished. Table 12 shows some of the results obtained with various 
catalyzers and nictbnds of treatment 

In order to j^ct these favorable results tfie distillations nurst be 
carefully controlled. 'I'be exothermic reaction is aj)])arently intensi- 
fied and if the cbarc^c is heated too rapidly the distillation becomes 
uncontrollable, with the result tli.at the yieKls of br)th acid and alcohol 
are reduced. The full yields of acid obtained under the pro])er con- 
ditions are difiieult to exjdain oy .'iceount of the ])resenee of an alkali. 
The ;ilkali .has been leached from the charcoal in several cases and 
found to he converted to acetate onlv to the (‘xtent of it) per cent 
at the maximum. 

The reason for the increase' in alcohol vield wlun wood treated 
with sodium carbonate is distilled has not been determined, hut the 
source of the increase in alcohol has been found. It was stated in 
the chapter on the chemical cf)mp<isition of wood that hardwoods 
contained about .) finu's as much uK'thoxyl converted into 

alcohol hv distillation of the wood Table 13"' show's tli(‘ distrihu- 
tion of the methowl groups in the i)roducts of the distillation of 
maple and oak wood. ( inly about 70 ])er cent (if the methoxyl in the 
orij^inal wood is laHawmed in reco^ni/ahk* form in the products (in- 
cluding methane in tlu' .i^as), tlu* remainder hein^t converted into some 
other ])roducts not recoj^nizahk' as methowl deri\’ati\es. 1 he table 
also shows the effect on the distribution of uiethoxyl di'Hvatives when 
sodium carbonate treated wood is list died. In tin* case of maple 
wood it is seen tluft the increase in methoxyl in tlu' ])yrolij^neous acid 
( incrca^-e in inethvl alcoh»)l) is just about balanced by the sum of 
the decreases in the charcoal and the dissolved tar and, therefore, the 
source of th-* incieased metli\l alcohol is the methoxyl ^toU])s usually 
occurriiii^ in the settled tar and the charc'oal. 

In the case of oak wood the dist nhiition of the methoxyl j^roups 
in the distillation products is much the same. excei)t that the amount 
in the jiyrolii^neous acid is less and 1h(“ .imoiint in the charcoal is 
considerably greater than with inajde vrood. ( )n distillinjr oak in the 
])resencc of sodium carbonate the decrease in methoxyl content of 
the charcoal and the dissohed tar is not quite euouj^h to account for 
the increa.se in the methyl alcohol, hut then* is a \ery marked decrease 
in the methane content of the i;as, which may account for the rest. 
The total recovered methoxyl is also diminished by the sodium 
carbonate. 

”]la\vlfv and Aiyar, Ji'Ut. Jm1 hii}l Chriii i<>'^ (ig--.-). 
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Chapter IV. 

Products of Wood Distillation. 

The products of wood distillaiit)ii will be discussed accorditif^ to 
the groups in which they naturally separate on distilling the wood 
and condensing and settling the condensible products, i.e., gas, pyro- 
ligneous acid, settled tar, and charcoal. It must be understood at 
the beginning that the yield and com[)osition of tbe.H^ groups will 
vary with the kind of wood distilled and with the conditions of the dis- 
tillation, so that only general figures can be given. It must also be 
under.stood that there is much overlapping of these groups, small 
amounts of the typical constituents of one grouj) being found in one 
or more of the others. 


Gas 

The composition of the gas has been report(‘d on by heveral ob- 
servers, so that its main constituents arc well known. Klar ' states 
that the average composition of the gas from a commercial plant 
is as follows ; 


Carbon dioxide . 
Carbon monoxide 

Methane 

Hydrogen 

Vapors 


5<) per cent by vol. 
dd 
3-5 
d<> 

1 5 


He also gives the yield of gas as about 240 cu. ft. jier hundred pounds 
of wood or roughly 8,000 cu. ft. jier coial. The fuel value of the gas 
from ](X) Kg. of wood is computed by Klar to be equivalent to 2.50 Kg. 
of coal with 5,000 “available” calories jier gr., or the gas from one 
cord'(3»30o pounds of dry wood) would be ccjuivalent to 85 lbs. of 
coal of 9,000 “available” B.t.u. per txnuid. Klason ^ shows the gas 
from small scale experiments to contain more methane and less hydrO' 
gen than is given by Klar and the figures in 'fable 13 qkso show more 
methane, but Klar’s figures may l^e correct for commercial samples 
of wood gas. 

’ Loc. cit., p. 44. 

“ Loc, cit. 
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Bergsln’mi and Wr.sslcn " the following data on the ^as oh- 

laincd from air dry softwoods in Swedish ox^jns heated by titles within 
the oven : • 



50 JUT cent 

2S 


Carbon monoxide 

Methane 

1« 

Idydrogen ^ 

1 



They also j^dve the yield of this o;is ,is iS |)er cent 1 )\ weijrlit on the 
dry wood distilled or about 4,rMK) en. ft. per cord, ft seems likely 
that the figure for methane in this table is too hii^h, since it would re- 
(juire nearly all the methowl in the original wood in order to ^ive this 
percentaj^e of methane in the i;as, and it has already been shown that 
other products of distillation beside tlu* j^as contain hii^h jirojiortions 
of methoxyl. 

'The 1.5 ])er cent "xajiors” shown as jiart of the j;as constituents 
are made U)> of all the volatile constituents of the two other groups, 
jiyroligneous acid and tar, the most \olatile constituents naturally 
being jiresent in tlu‘ higher jiroportion, '\ his ])oint will he discussed 
furtlier under refining methods. 


Pyroligneous Acid 

The tiyroligneous acid i^ a \ery complex mixture, only a few 
of whose constituents have been identihed. It contains from 80 to go 
]ier cent of water, of wdiich jiart is the moisture in the wood distilled 
and part (about jo jiei cent of the weight of the dry w'ood) is formed 
by the decom])osition of the wo<i'! lodlowing is a list’’ of the prod- 
ucts which have been reiioried, not including those found mainly in 
the tar and occurring onl\ in small (piantitie^ in the pyroligneous acid: 


Formic acid 
Acetic acid 
T'ropioiiic acid 
butyric acid 
Valeric acid 
("aproic acid 
Crotonic acid 
Angelic acid 
Methylaminc 
Iso.'imxl alVoliol 
a -Methyl (i ketu-penta- 
melhylcne 


l'\ rotniicic acid 

Mctlul alcohol 

Alhl alc(diol 

Acetaldehyde 

loirfural 

Mithylfurfuial 

Acetone 

r\roxanthcn 

Methyl formate 

Mrllnl propyl ketone 

I’yridine 


Al ethyl ethyl ketone 
I 4 hyl propyl ketone 
i )imcthyl acetal 
Methylal 
Valero lactone 
Methyl acetate 
I’yrocatechin 
Ammonia » 

isnhutyl alcohol 
l\elo-])cntamelhy Icne 
Methyl pyridine 


• Oni TraUoltiijip, p. -'M 

* Muspratt, Vol. II, p. 1869, as Rotti 
Jour. 2 S, 2b S3. 


b> Klar, loc. cil., p. and Fraps, Am. Client. 
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To these slioiild be added fornialdeliyde as shown l)y Ivlason (sec 
paj^e 56 ). 

Acetic and forniic acids, methyl and allyl alcoliols, acetone and 
methyl acetate are the most important and occur in greatest cjnantities, 
beint^ the only ones separated or recoj^nized in the refiniiii^ ])rocess 
except for the “alkaline constituents’’ separated by acid treatment 
in refininjs^ the alcohol. ]^\ce])t for s(nne of these important con- 
stituents there are no (|iiantitati\e data on the composition of pyro- 
ligneous acid. 

Pyroligneous acid also contains from 7 to \2 per cent of solnl)]e 
tar but this will be discussed under the composition of the settled 
tar, since it is ])robably made up mostly of ('onstilnents the same as 
' those occurring in settled tar. C ertain heavy oils an* also contained 
in solution in the ])yroligneous acid but tlu'y too are made up of 
constituents occurring mostly in the tar. PyrocatecTin in the list above 
is one of th(‘se and should ikU be mentioned in ])U‘fer(‘net‘ to many 
other jdienolic bodies which also occur in both th(‘ tar and the pyio- 
ligneotis acid. After the jwroligneous acid has been distilled fnan the 
non-v(datile settled tar and neulrali/(‘d with linu* other nonvolatile 
compounds are ])roduce(l as shown b\ the insoluble “sludge " and by the 
soluble material which remains as an impnnlv in the acetale of lime. 
The composition of these non-\oIatile j)roducts in tlu* neutralized ])yro- 
ligneous acid is unknown and the comi)onnds from which the\ may 
have been formed can only be gnes-ed at. Di-acetyl has been idcaUibed 
in the products of resinous wood distillation*’ but \ery liki'ly it is a 
product of the lignoccdlnlo.se and occurs also in hardwood distillates. 
This is a compound which w'ould distil with the iwroligneons acid 
and on neutralization would ])olMnenze to an insoluble product, 
xylochinon, which would contaminate tlu' acetate, d'he oiganic im- 
purities in the acetale are t)rohahly formed from similar complex 
di-ketones or aldeludes which ])olymerize on neutralization. 


Tar 

The tar is a very com]dex piT)dnct of which only a f(‘w con- 
stituents have been identified. It consists of all the substances ])revi- 
ously mentioned as constituents of the jn rolipneons acid together wdth 
“ligh^ oils,” ‘‘heavy oils” and pitch. The lieht oils (with boiling 
points below C. ) lia\e been studied by lM'ai)s * and a series of 

acids and ketones have been identilied. A com])lele list fd identified 
substances is given below; 


“Hawley, Chem. & Met ^’5, lor 

“ Aschan, Zeit. fur angew Chem. n)07, p. i8n. 
^ /Jm. Chem. Jour. .’5, 20-53- 
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Valeric aldehyde 
Acetone 

Methyl tthyl kelone 
Methyl projiyl kelnne 
Methjl butyl ketone 
Adipic ketone 
Nitriles 

ni-methyl fiiranc 
Unsaturated compounds 
m -xylene 

[V)l\ nicrized compounds 


\reth>l acetate 
Melh>l iifojuonate 
Methyl n ltufyral(' 

Meth>l n-\alcrati‘ 

Issters of unsalnralcd acids 
S> 1\ anc 

I )i ctli vl ketone 
I’ri nicth\l fiiraiu' 

I'ohicnc 

ll\drochlotK a»-i<i addilinu piodiicts 


I'^cw quantitative data arc oucii ainl im indication of wiuit pro 
portion of the oils is made np of nnidenlilied constitn. iiN. Trobably 
there is a lar|^e projiortion c)f less reactixe constituents, such as hydro- 
earhons, which have not been identiiied 

The heavy oils (heavier tlian water with hoilini^ jioints above 
2rK)^’ C, ) have been rrftber thoroui^hl\ studit'd so far .is the alkali soluble 
constituents are coiuerned. 'I he following hsf is t.aken from Meilstein, 
all the phenols beino included which are there mentioned ;is havinj; 
been found in wood tar: 


Phenol 

0- , m- and p-crcsol 
Phlorol 

1- .3 x>lcnol-5 
i-.^ xylcnnl-4 

Py meat cell in • 

Cuaiacnl 


I)’ iiKtlivl ith<i nf hoino])> roc.itcclnn 
( < »ci uh^nol 
P\ louallo) 

ibrou.dlol di-nitllyvl ctluM' 

\lCtli\l inroy.dlnl di-nulliyl ether 
i*T<»p\l pvroy.dlol di tncllivl cIIkm' 

( n o^'ol 


J’esides most of this list idhyl j,;u;iiacol I*, mentioned by braps.^ 

No quantitative d.ata on siiij^k' couijKiunds are avail.able, 1)Ut from 
the boiling points and j^r.avities a .tuii^li ^n*oupinm of the constituents 
can be made. ( 1 ) I’benol and the cresoK occur onlv in very small 
quantities because tbe alkali soluble coii't’inenls of wood tar bettin 
to boil very close to 200' C., thus excludini;' ])henol and ortho cresol 
while the j^ravity of tbe fractions in the vicinitv of 200 is hitcher th.an 
the other cresols, sbowinj; th.at they can occur only in small propor- 
tion. (2) The larj^est portion of the .alkali soluble constituent^ Ijoil be- 
tw'een 2(X)'^ and 235 ’ C'. and, therefore, includes jdilorol, tbe xylenols, 
t^uaiacol, cresol, and homopyrocateclnn di-nieth\l ether. (3) the rest 
of the phenols mentioned boil above 240 and constitute tbe second 
lar^c.st groiqj in total amount. Ihc alkali insoluble constituents of 
the heavy ’oiks have not been studied, but i)robabl) contain the higher 
member.s of the .series found in the light oils such as ketones and 
"unsaturated cofflpounds," together with the higher phenol methyl 
ethers. 


* Loc. cit. 
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The composition of the pilcli is unknown. A part of it is probably 
formed by the polymerb:ation of complex aldcliydes and ketones, and 
it has been suggested that part of it is of the nature of the aldehyde- 
phenol resins, since both aldehydes and phenols are amont^ the products 
of wood distillation. Klason has shown, however, that there is little 
pitch in the primary products of distillation and that most of it must 
l)e a product of the decomposition of the ])rimary tar. We would, 
therefore, expect it to consist largely of the higher members of the 
^n'oups found in the oils, namely, ketones, methoxyl ethers of the 
phenols and possibly hydrocarl)ons. 

A typical liard\vf)od tar contains about it per cent water (and water 
soluble constituents separatin*^ with the water (Mi distillation) and 12 
per cent li^ht oils with <^ra\ities below^ 1.0. The chan^^e from “lij^bt 
oils” to “heavy oils” takes i)lace as the temperature of distillation 
reaches about 180'^ C. f measured in the vajiors). d'be proportions .of 
heavy oils and ]Mtch vary wdtb the conditions (’U* distillation and the 
consistency of the i)itch. If, for instance, the oils are distilled only to 
a temperature (T 240” ('., 25 per cent heavy oils will be obtained and 
the i)itch residue will be* very soft. If the distillation is carried to 
270^ (about tlie highest tliat can be obtained without decomposi- 
tion) the heavy oils wall amount to 42 ]jer cent and the ])itcli will be 
harder. If a current of air is run tlnani.eli the still to help carry over 
the vapors, 52 jier cent heavy oils are obtained and the residue is a 
hard brittle pitch. Wy cokin.e: the pitch a maximum (jf about ])er 

cent heavy oil can be obtained. 

TAlll.F. 14. 

FkAC'iioNs or Wdoi) 'J'ak ( )n.. 

Fraction 
'’C. 


115-ig.S 

lfJ5-2IO, 

210-215, 

215-220, 

220-225 

225-230, 

23fH235, 

235-240. 

240-245, 

245-250. 

250-255. 

255-265. 

265-280, 

Total 


X'olunu- 

W 1 iyiit 

Per rent l)y 

(V. 

Kranis 

volume of entire 
distillate 

7 () i } 

700 46 

6.23 

840 

844 20 

740 

«i 5 

81 1.84 

7.10 

445 

443 22 

3 '"^0 

840 

807.72 

7 72 

500 

^'05 34 

5 40 

805 

821.50 

7.20 

T, 00 O 

1,020 60 

[) 06 

1,000 

I.(*2() 50 

0-04 

480 

4<)n 80 

■ 4 36 

740 

771 S2 

0.77 

515 

532.5; J 

467 

F 375 

1,442.38 

] 2.66 

050 

070.93 

8.60 

n,FS 5 

1 1, .385. 62 

100.00 
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These figures arc much the same as those given by Judd and 
AcreeJ’ except that their tar contained an iii'iusnal amount of water 
and their distillations were not carried to the coking of the pitch. 

I'ahle 14^" shows the boiling point and ])ercentage volume of the 
fractions obtained on redi.stilling the total oils from a hardwood tar. 

These figures on tar composition do not agree with those given by 
Klar in tliat the perceniage of oils is much higher and the per- 
centage of pitch cinTcspondingly lower, d'liis can be accounted for 
only by difference between the commercial hardwood tars produced 
in luirojje and this coiiiitr). 


Charcoal 

I he charcoal is so complex that single chemical constituent 
has ever been separah'd and identified. It has hem shown to contain 
methox\l gron|>s, howexer (see )>. (x)), and may be considered 
as consisting of still higher memlx'rs «>! th(‘ sc'ries found in the tar 
and the pitch (the secondary charcoal constiUients, see ]). 5^^) de- 
posited on the primary charcoal, wdneh as the residue of the liguo- 
cellulose decoiiiposilivni is probably more (omplex than tlu* original 
raw^ material. 


'JAltlJ-: 15 

Amoox]' AM) ( (iM I'o''!! i()\ 01 1 iiM<(o\i I’koimaih m' liu’ina'NT Maximum 

• 'ri.Mi‘Ku\iria s 






Yield of 

1 ii.siiHalK '11 

( oinp' tsil loll of eliartoal 
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leinpcr.itiire 

- 
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01.8 
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5 

.4 
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514 
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40.6 
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.t 1 

07 

3 1 .0 

(100 

ijj 2 

j () 

5 -“ 

21). T 

/(JO 

oj 8 

-• t 

4.8 

278 

800 

05 7 

1 0 

4 t 

2().7 

(jO‘) 
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0 7 

4 - 

26 6 , 

1000 

o0(» 

0 5 

0 

jf)8 

1100... . ^ 

of >4 

04 j 
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It has been ^i;ed ])revinusly that the amount and coni|)osilion of 
the charcoal vanes wath the maximum tcm]>erature to which it has 


^ Jour. Ind hug them. q. 2yf> (nji;) 

'J akcii from J’upcr, Auoc and 1 rnii'plit «'y, Jour hid. T.ug. them, g, 463 (1917)- 
“ hoc. cil., p. 57. 



70 


JVOOJ) DISTILLATION 


been sui)jecle(l These variations are shown quantitatively in Table 15 
taken from i>erg[str6m. Vind VVesslen.’“ This table is subject to some 
of the same criticisms as X'iolette’s fij^'ures on the same subject (see 
p. 5-1 ). It is not stat{‘d where the teinperalures were measured, 
and on account of the im|)Ossil)ility of heating all jiarts of the wood 
or charcoal to the same tem])erature at the same time, these tempera- 
tures can be only relative and av(Tage. d'he authors, however, rec- 
ognized tins ccjudition and off(‘red the figures for their relative values, 
stating that they were the result of small scale determinations and 
that they would not he applicable under all conditions. 

It is seen that the yield of charcoal at 400'^ the temperature 
usually obtained in ])ractice, is 40.t) ])cr cent and that this coal con- 
tains 77.7 ])er cent carbon. As the maximum temj)erature increases, 
the yield of chaiaoal decrea^(‘s, the i)ercentage of carbon in the char- 
coal increases and the hydrogen and oxygen decrease, d'he yield of 
charcoal at 400' ( conesjKnids fairly well wdth the yields showm in 
Table 5, since it is a little lower than the average of Table 5 but was 
obtained at a somewhat higher temperature. 


TAP.I. 1 -: i() 
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23 
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1 1 
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28 
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li 


CO. 

CO 

CM, 

H 

284 

i .3-M» 

33 1 

C5 

0 1 

55 u 

^7 S 

«4 

10 0 

30.0 

^0.0 

14.4 
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17 0 
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0 t) 

T.i.i 
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.558 

0 1 
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00 
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M'he amount and composition of the gas given off wdien a charcoal 
is heated to various tem])eralures higher than that at which it was 
])roduced is shown in Table if), also taken from Berg.strom and 
Wesslend^ ,/ 

Idle methane content of the gas from sample \\ when calculated to 
methoxyl gives nearly 7 per cent methoxyl on the weight of the char- 

hoc. ext., p. 174. 

Luc. at., p. iSi). 
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coal, or about 2.5 per cent on tlic of jlic on\^nnal wood. This 

is more inellioxyl than has been found in charcoal by analysis (see 
p. 60) anil indicates eitb(“r that suine of ibe nietliowl ”^roti]>s in 
charcoal are so inactive* tliat they are not acted on Iiv tlie analytical 
treatment or tliat at these bii^lier te'inperatnre^ ‘‘Oine inetliane may be 
formed from some other ■-onree bi*.sides melboxyl j^roups. Tlie former 
is the more likc'ly assumption. 

The nitrogen confe'nt of tt\o samples eif charcoal is j^iven by 
I’er^triiin and W'esslen as 015 per cent. 'I'liis indicates that about 
one-fourth of the nitro,e[(*n m the oru^nial wood remains in the* charcoal. 

In general then the* distillation of wood jirodnces hi large amount 
certain \ery simple snhstanci*s as water, carbon dioxide, methane, acetic 
acid, inetlul aU'ohol, formal(K*iiyde. and acetone, and in much smaller 
amounts the higher homologues of sonic of these sinijile compounds; 
the pyrrol ring is repr(‘s(‘nted by a few' componnds and the benzene 
ring is found almost c-ntirelv in the alkali soluble constituents of the 
tar. J’oK meri/ation and condc-iisation jirodnct^ of the siiniiler coni- 
j)ounds are found jirohahly along with the sjdl higher members of 
the series mentione*!, wliK'li are so c'oniplex and inacti\e that they can 
not he ideiitilicd. Most of tin* products are l(‘ss compk'x than the 
orig'inal hgnocellulost*, hut the charcoal and piohahly [lart of the pitch 
are a])parenth' u'sidiu's of c‘\en more ioni]»lc*\ composition than 
lignocc'llulrise. 

Id'otn these* general statenu'iits tia* lignocellnlo'-c* can he pictured 
as containing ludro.wl. melhowl, acc'tvl and lormyl groups on a struc- 
ture of hc'iizeiic* and p\ rrol rings. Whatevc'r othc'r structures may 
he tiresent aie not nidicatc'd h\ the ih^tillation reaction. 

'khc* markc'd (hlTc'rc'iicc's from the* ])roduct-> cd’ distillation of coal 
arc* in the lai'k of nitioeen conij /UinK. of hc‘nzc*nc*, naphthalc'iie, an- 
thracc'iic* and siinilai h\droi aihoiis, .nid ol the siniple ])henols ; and 
in the ])rc*s(*iu-e of the coinpound" with aaihowl, formyl and acetyl 
groups. 



Chapter V. 

( 

Refining Processes. 

The discussion of the refilling processes from the standpoint of 
the cliemistry invoKed will he taken up first accordint^ to the gen- 
eral commercial process of complete cooling of distillate as soon as it 
leaves the retort, resultinj,^ in the separation of the non-ctjndcnsible 
Ras from the liquid products, followed hy settling the liquid products 
to separate the pyroligneous acid from the tar. 'Then other more 
cumjylicated systems will be discussed. 


Gas 

Tbe condensation of \apors of \olatile iKpiids when mixed with 
non-condensible ^ases is a more diflicult jiroblem than when the vapors 
occur alone. 'This is for the reason that the uncondensed j^ases tend 
to carry a part of the condensible products with diem as they leave 
the condenser outlet, d’he condensible iiroducts carried in the vajiors 
are in two distinct forms and require different iiK'ans for their re- 
covery. 'J'he first and most obvious form in which these iiroducts 
arc carried in the i;as is as a fojn or mist, that is, m line drojdets of 
liquid so small that they settle out only very .slowlv, if at all. Tbe 
exact cause of this fo^ formation is not known and it is a question 
whether different conditions of conden.sation may vary tbe amount of 
fog. It is certain, however, that it is not due to inefficient conden.sa- 
tion, since the ])aiticles are in liquid form and may be carried by a 
perfectly cool gas. 'These small jiarticles can be slo])])ed only by 
some mechanical means such as baflle jdates, a scrubbing tower, or 
an electrostatic precijiitator. 'fhe slow and incomtilete settling noticed 
in the gas mains is due to the larger particles only, and even greater 
retaiylation of the speed of the gas Ilow, as in a gas tank, would 
probably not settle the finer i)articles in any reasonable length of 
time. BafUc plates in large gas mains would probably stoj) some more 
of the fog by the contact of the i)articles with the wpt plates, but a 
scrubbing tow^er filled with c(jke or provided with water si)rays wa)uld 
be more efficient. 

It is doubtful, however, whether any of these means of stopping 
the fog would give a complete separation. The problem is similar to 
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that in other industries where liquid particles like SO3 fog or solid . 
particles like ceinciit dust arcVarried in gasJs. In these cases com- 
plete and rapid settling can be obtainetl only by an electrostatic 
precipitator. 

It has been reported^ that a Cottrell precipitator was installed on 
the outlet from the condenser of a wood distillation oven with com- 
plete settling and recovery of the fog. The amount of li(juid recovered 
was about 1.7 i)er cent of that coming from the condenser in liquid form, 
and the conq)Osition was about the same excefjt that there was not 

quite so high a i)roportion of the more volatile products, such as 

alcohol. 

d'he second form in which comlensible ])roducts may be carried 
away from the condenser by the gas is as a true vapor. This is 
due to the fact that the condensed licjuid has a slight vapor pressure 
even when well cooled and the gas is, therefore, saturated w'ith the 
va])ors, the pro])ortion of xaix)!'.^ in the gas dep('ndmg entirely on the 
vapor pressure and the vapor pressure varying with the tenqierature. 
If, for instance, the liquid condensate lias a vapor pressure of 

17.4 mm, the gas will consist of --3 vapors by 

volume. 'J'his \a])or pressure of 17.4 mm is actually that of water 
at 68*^ F., wdiich is an indication of the possibilities of loss in this 
way. The va[)or pressures also increase raiiidly with increasing tem- 
perature, so that, f|)r instance in the case of water, the vapor pressure 
is more than doubled between E. and (K)‘ F. Jn fact, the loss of 
vapors W’ould naturally be greater than this since the more volatile 
constituents of the pyroligneous acid, meth\l alcohol and methyl acetate, 
have much higher vapor jiressurcs than water (88.7 mm and i(x).8 mm, 
res])ectively, at Jo" C.) and the vepor pressure of the pyroligneous acid 
would probably he higher than that of jnire water. In this case also 
the comjiosition of the lost vaptirs would he diiFTont from that of the 
pyroligneous since the more volatile constituents would be lost in 
greater propoi lions. It .should also be noted in this connection that 
in this uniieutralized jiyroligneous acid a fairly large proportion of 
the methyl alcohol exists in the form ot methyl acetate which is sub- 
sequently hydrolized to methyl alcohol by tlie neutralization. The 
methyl acetate having a higher vapor pressure than methyl alcohol 
goes into the gas in greater (juantities than pure methyl alcohol w;ould. 

Klar ‘ says that losses in the gas of 5 jKn* cent of the total acetic acid 
and methyr alcohol have been observed by him.. Lawrence^ says 
that 5 per cent of acetic acid and 45 ])er cent of the alcohol may 
he lost in the gas but such a high los^ of alcohol seems improbable 


1 Uriiniblisheii report of the Hrscaicb Cunioration 
“/.or. cit , p. 01. 

* Jour. Soc. Clii'in. Ind. 37, 13T (1918). 
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except in case of very j)0()r cooling. Tn the case of the kiln process 
where the proportion (ff gases is higher, due to the admission of 
air to the kiln and the partial conil)iistion of the charge, a loss of 
wood alcohol constituents aiiKuinting to 35 to 40 i>er cent of the total 
has been observed.^ 

d'be vaj)ors of alcohol, nietlnl acetate, and acetone can he partly 
recovered hy rnnnnii; the gases nj) through a scrubbing tower in 
which they are washed by a descending stream or spray of water, 
since all of these xapors are soluble in water and their \aipor pressure 
is diminished by M)hition in water. J’rohahly a non-volatile or high- 
boiling oil such as is ir^ed in toluene recovery from coal gas could also 
he used efficiently for scnihhing a wood gas. 

Liquid Products 

The liquid products from the condensers on sumding se])arale into 
two li(jiiid lavers, the tar and the pyroligneous acid, the tar on account 
of its higher specific gia\ity settling to the bottom, t hi account of 
mutual solubility, howexer, the sejiaration is not complete, a jiart 
of the oils and of the non-volatile con^'tituents of the tar remaining 
dissolved in the jiyroligneous acid and jiart of the water, acid and 
alcohol, of the jiyroligneous acid remaining dissolved in the tar. y\c- 
cording to Klar ' luirojKMii hardwood tars contain about iS per cent 
water, 2 ])er cent acetic acid and 0.7 ]>er cent w'ood alcohol. The 
tars jiroduced in the* typical .XiiKuacan plants will ofti'u ('ontain 3.5 to 
4.0 per cent acid, and hardwood tars ])roduced in the laboratory liavc 
run as high as 7 per cent acid, ddiere are probably sexeral reasons for 
these variations hut one of them is cerlainlx the dillerence in the acid 
concentration of the jiyrohgneoiis acid. It would he expected that a 
tar in contact with a ])> roligneous acid containing a high concentration 
of acetic acid would also contain a high concentration of acetii' acid. 

'fhe amount of “soluble tar” and oils in the. pyroligneous acid i.s also 
variable. Klar" gi\es “7 ])er cent and more” for th(‘ soluble tar in 
pyroligneous acid from air-dry beech wood. In American practice 
the soluble tar will run from 0 to lo per cent of the pyroligneous acid; 
in laboratory distillations of hardwood pyroligneous acid is frequently 
obtained wdth 12 to 15 per cent of soluble tar. It might he expected 
that the amount of soluble tar w'ould he greater when the concentra- 
tion of acid or alcohol, or both, in the jiyroligneous acid w'as greater, 
but there i.s no general rule to this effect. It is not even known wdiether 
the concentration of dissolved tar is limited hy the amount of water- 
soluble pitch jnesent or hy the composition of the p>’foligncous acid, 
although this could he indicated hy the sinqile experiment of de- 

* Hawley, Chem. Sr Met. J.ng. iy8 (19-O. 

® Loc. ctt., p. 57. 

* Loc. ctt., p. 52. 
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terimning tlie Mjhibility of soltleil tar ir. dislillcd or “tar free" pyro- 
ligneous acid. 

Tar Distillation 

(.)n account of this solnhilitv <tf alcohol an<l acid in the settled 
tar, the latter must he distilled in nr<ler to reco\er the \aluahle products 
contained in it In c.oc's uluMt* no ^[iccial attenipl is made to com- 
plete the distillation of the tar with the jnodiiction nf hea\\ oils and 
pitch, but where onl\ the rec(W(‘r\ of the akohol and acetic acid 
is required, the sdtled tar is distilled w nli steam Wlun the tai- 

ls distilled with steam loi this jjinpose the hi^ht ons ait* ctunmonly 
distilled conijik'tely and aKo a \ar\ing amount of hea\'\' oils, de- 
]iending on the ananmt of steam list'd. '1 he theor\ iinderl} ini; this 
])roc(‘ss diflicnlt tt) dt*\elop, ^m< e we are (list 'Mini; with steam not 
merely an oil ('oniple1el\ itisoluhlc in water, wlinli would he a simjile 
case, hut an oil t'oniaming in soliitioo a suhsiance, iicetu acid, also 
soluhle in water, and it is this acid sohihlt* in both the oil and water 
which w’e are interested m distilhne, :m<l scpar.iiing. Ajipart'iitly, htiw'- 
ever, the sohihilili <d* the steam m the acetn .n ul prt'veiits the dis- 
tillation of the kiUt'i' aloiii; with the oils of tht* same hoilini; ])oint, 
because althoni;h act'tit has a honing point ol ijS \el it is not 
all remo\ed Irom the tar e\en when all the oih hoiling ht'low' jcm)' 
have been removed h\ tht* steam d-^lillation. 

Whatever mav hv* the themv ol this distillation the best condi- 
tions for carrying it out ell'i H'litlv have lueii d( tv'rmmed ' It has been 
found that vvIk'H other ciuiditioii'' are (.oiisiant a distillati* more con- 
centrated in acetic av'id and a higher jteiK'niage recoverv' of acid are 
obtained by slower distillation 1 liis is proh.iklv ('iitirelv a matter 
of obtaining eiiuilihrinm between lie' steam and the volatile con- 
stituents of the tar tnid migiit not he m )aitnt in a tall and n.'irrow 
still or below ceiltnn limits oi sjjeed In .( till ''ontaining 510 gallons 
of tar in a ftjrty-inch layer and with sjh'cIs ol stv’am averaging 25 
and gallons per hour, respev tivi Iv , in two mils the slower sjieed 
gave 149 ]M)nnds of acetic acid in 210 gtilloiis ot water in 0 hours, 
45 minutes, while the faster sjieed gave 14't ])onnds of acid in 273 
gallons of water in 5 hours, 45 minutes. 

The pressure of steam in the closed coils of the still or, in other 
words, the tenqieratiue of the ttir whik* the steam is being \lown 
through' also has a very delimte eltec t. In small lahortilory apparatus 
two distillations were carried on nndet e\a('tly the same conditions ex- 
cept that in oitf* die tem]>erature (d the tar corresjionded to 10 ])ounds 
steam jiressure, in th< other to 30 pounds. In the di*tillation at lower 
temperature a total volume of 44(1 cc distillate contained only 8.6 gr. 

’llawh'y aiul rakli'rwuuil, Jtni}. lud I'in) L lit nt. i \ (kj.'u). 
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acid, while the higher temperature gave in 272 cc distillate 10.3 gr. 
acid. 

There is no special problem in recovering the alcohol contained 
in the tar since on account of its low boiling point it is probably 
removed long before all the acid is recovered, '.riic very likely pos- 
sibility that the acid last removed from the tar by steam distillation 
consists largely of higher homologues of acetic acid has never been 
studied, althouj^h Traps ^ identified somoof the higher acids in the heavy 
tar oils. 

Few details are available on the distillation of tar by direct fire 
heat for the production of light and heavy oils and pitch. As with 
other oils containing water in solution the first ])art of the distilla- 
tion, while the w^ater is distilling with the oils, must be carried on 
slowly and carefully to iwevent foaming and “boiling over.” After 
the water is all removed tlie distillation can be hastened wathont danger 
until near the finish, w'ben, as the last of the heavy oils are removed, 
there is again danger from too rapid heating or carrying the dis- 
tillation too far, since the pitch may be “coked.” This “coking” of 
the pitch is apparently an exothermic reaction and may readily be- 
come uncontrollable. If after the distillation is finished the ])itch 
is drawn off and exposed to the air while still very hot, there is also 
danger from its spontaneous ignition. Judd and Acn'c havi* shown 
that in small scale distillation of tar, agitation of the charge wdtli steam 
makes it possible to carry the distillation to the “hard pitch” stage 
without danger of coking the pitch. 

When the tar is distilled hy direct fire without the use of steam, 
the water wdiich corner otY during the first part of the distillation con- 
tains a large pro])ortion of acetic acid but the higher fractions of oil, 
even those boiling well above 2CX)^ C., still contain some acid i)robably 
mostly acetic. Since there is no water collected with these oils tlu* 
acid remains dissolved in them and can be recovered only b) wash- 
ing with water or a solution of alkali. In one of Judd and Acree's 
distillations with agitation by a jet of steam, where nearly one and one- 
half times as much water as oil was collected with the heavy oil, 
there was still 0.7 per cent acid in the oil. 

The light oils have a dark color, es])ccially after standing in the 
air, and a very pungent di.sagreeable odor. Un redistilling, the color 
is lightened but not permanently. Neutralization with sodium car- 
bonate before redistilling makes the color of the distilU'd product 
lighter and more permanent and also improves the odor. Preliminary 
experiments have indicated that hydrogenation of the light oils gives 
an almost colorless product with a pleasant ketone odor,''but no details 
are available on this treatment. 

* Am. Chem. Jour. 3 $, 26. 

^ Jour. Ind. Eng. Chem. 9, 276 (1917). 

»> Forest Products Laboratory “technical note,” Chem. & Met. Eng. 16, 708 (19*7)- 
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The heavy oils direct from the still arc frc(|ucntly the final market 
product, hut they may require redistillation (h* neutralization or l)(»th. 
The fraction with boilinj];- points between 195“ and 230'’ C\, is esi)ecially 
valuable for the production of “beechwood creosote” which is a st)e“ 
cially refined part of the alkali soluble constituents boilin^j between 
200^ and 220'' C., and probably consists mostly of ^uaiacol, creosol, 
homopyrocatechin dimethyl ether, and the x3’lenols, since these arc the 
main known constituents of the,oil having boilinj^ points between these 
limits. The first three of these constituents probably occur in largest 
pro])ortions in a well refined product, since they have the highest 
gravities and the refining process is ])artly for the purpose ot obtaining 
a bigh-gravity j)roduct. 

The pitch usually requires no sj)ecial refining jiroccss to make it a 
finished product. Its hardjie.ss is controlled by the point to which the 
separation of the oil is carried in the distillation Judd and Acree 
note that when a bard ))itch is prepared, the last small fraction of dis- 
tillate solidified “to a jelly-hke mass on account of the presence of 
paraffin.” 

Pyroligneous Acid Refining 

The ])yroligneous acid, ])artly separated from the tar by settling 
but still containing in .solution certain non-volatile tar constituents, may 
be completely si-panited from tar by di.stillation. This distillation is 
j)ractical1y nothiiii* iiKjre than the separation of \olatile from non- 
volatile material and no special ])roblem of fractionation is encountered. 
A \ery small amount of oil distills over in this process and is separated 
from the aqueous (hAtillate, but tlu' ‘‘.soluble tar” left behind in the 
still after all the atfueou^ distillale has been removed is practically 
free from oils, 'bhe soluble tar, however, contains in .solution 7 to 
10 per cent acetic acid whiji can be separated by the same process 
as IS de.scribed for distilling .'.ettled tar for recovery of acetic acid 
(.seep. 73). 

The tar-free iwroligneous acid is next neutralized with lime for 
the formation (jf a non-volatile [irodiivt of the acetic acid, so that the 
volatile wood alcohol can be .separated by disiillation. 'bins neutraliza- 
tion, however, accomplishes much more than the formation of acetate 
of lime, since it is the cause of several complex reactions which affect 
the quality of the tiroducts subsequently .separated, dlie deta^ils of 
these rcrictions due to neutralization have never been studied and it 
is only known that commercial jiractice has very definite but some- 
what variabl('%^niles for deciding when the neutralization has been 
properly accomplished 'Hie addition of lime is accompanied by such 

” U. S. Pat, No. 1,199,^71. 

^'^Loc. cit. 
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marked color chanj^es that the end point is readily determined by 
the cnlor.^^' 

In a solution containin.^’ api)roxiinalely 4.5 ])er cent methyl alcohol 
and 10 per cent acetic acid, there must be, in accordance with the 
equilibrium of the reversible reaction, a certain amount of methyl 
acetate. When the acetic 

Cl 1,( )I1 + (11 CO( )1 1 ^ (1 1 C( )( )(1 r, - I 1 14 ) 

add is iH'Utralized, the nieth\l acetate slowly hydrolyzes to methyl 
alcohol and acetic acid until i-(|uihbriuin is aj^jain attained, the solu- 
tion a,<;ain Ijecoinini^ acid. If more lime is added tlu' methyl acetate 
wall fjually be complet(‘ly hydrolyzed, but more lime is not commonly 
added and the h\drol\sis is so '>lou’ that m(‘th\1 acetate is e^^enerally a 
])r()minent constituent of the distillate from the neutralized li(|Uor. 

A similar efU'ct is due to the ])resence of formaldehyde in the ])yro- 
li^meous acid. In slii^htly acid solution formaldehyde is stable, but 
when the solutinn is made sh^htlv alkaline and heated it iinder^toes 
self-contained oxidation and reduction forminit methyl alcohol and 
formic acid ( s('e ])a.^{‘ 5t)). Here too a lompletely neutralized solu- 
tion tends to hecome acid ai^ain, due to reactions started by the 
neutralization. 

1'he nuist important and noticeahk' effect of neutralization is the 
formation of non-volatile ort^anic coiujiounds by jHilymerization, some 
of which are insolnhle and help to form the sludj^^e, others beiiifi^ 
soltihk' and thus hec()mini^' impurities in the acetate of lime. .A few’ 
jjtiesses have already been made* that the insoluble polymerization prod- 
ucts were mostly of the class of aldehxde resins an<l the soluble of 
the c'lass of xylochinon, but tlu'si- aix' only i:;o(»d mues.scs, and the organic 
jiart of the sludiie and tin* orj^anic im])urities in the acetate are really 
of unknown composition. 11iat the sludjj^e contains organic material 
can he shown hy boilin’.:;' with hydrochloric aci<l to dissoKe the lime 
and other inorganic con^titiumts. \ thick heavy oil is left which on 
cooling solidities to a hard ])itch\ substance. fhe inor*::anic ])ortion 
of the slud^w probably consists of unhurned calcium carbonate and 
other insolul)le impurities in the lime. 

1’he neutralized ])vrolitt’‘^‘'>^i'’ ‘^^’d mi distillation now yields the 
volatile cou'-titiumts not li.xial by the lime, coiisistini^ mainly of water, 
methyl alcohol, acetone, methvi acetate and all\l alcohol, liy this dis- 
tillation also some of the oils, esjiecially the jdienol ethers, which are 
atqiarently more soluble in the acid solution than in the neutral solu- 
tfon. are brought to notice b\ s('paratiu<t from the distillate. On 
further concentration of the alcohol constitiumts stilPinore of these 

i‘*Jalilm {four hul I lui Chi ni 7, =;<>(> s.iv*' llial tlii'' Ofilm ilian^c is largely due 

to traces of ituii in liu linn- HacluiK willi tin- lii-niclliyl ttlui uf jnrnRallir aiitl or other 
phenol etlurs 
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oils separate, probably on account of tlicir greater solubility in methyl 
alcohol than in water. ( )n account of the (liUVrent solubility of th(\se 
oils in (libferent fractions of the distillate, it is advantai^eous to se])aratc 
them continuously from the distillate, otherwise oils which are iiisf)luble 
in some of the later ])arts of the distillate and can be* separated from 
them may be redissobed if allowed to mix with the first part of the 
distillate in wdiicli they are more soluble. 

The ])reparation of jinre metlul alcohol fiom the crude concentrated 
w'ood alcohol is a more comjilicatt'd jiroi'css than a simple sc'paration 
of various constituents according to boihn;.; points. 'This is due to 
the facts that some of the constituents form <’onstant boiling iiiixtures 
w'hich can not be sei>arated by distillation, that (('rtaii- vedatile bas(‘s, 
probably pyridines, reijuire an acid washing for removal, and that oils 
soluble in the criKk* are not solubU' in certain fractions and must be 
removed at the ])roper place. 

According to lla\woo(I“ nu'thvl alcohol and acetoiK^ form a con- 
stant boilinj:^ mixture ('onsistin^ of ner cent by vvei^bt of acetone 
and 13.5 per cent metliyl alcohol and boilini; at 55</’ b'. Ilerjj^strbm 
found tlie mixture to consist of pci cent b) wi'i^ht of acetone and 
10 per cent methyl alcohol, bitt h(“ did not (K'tcM'inine the boilin^^ point. 
y\ccordinj^ to Uyland ''' methyl alcohol and inetbxl aci-tate form a 
constant boilint^ mixture consistiii<^ of iS ])er cent metlivl alcohol and 
(S2 per cent methyl acetate, boilini^^ at 5,^5 -5 1 .s G lie also states 
that methyl acetate and aevdone form a constant boiline; mixture, but 
the boilint^ points iff the ]mre com])onn<K are so close together that 
the comjiosition of the constant boiling mixlinc conl<l not be dett'r- 
mined, hrom these futures it can be seen that metlivl acetate and 
acetone can not be separated c<»mpl(‘tel\ from metbvl alcohol by dis- 
tillation alone, but that methyl alcohol lan be separated in jinre state 
from the other constituents b\ losine. a certain amount of methyl 
alcohol in the constant boilin<( mixtures 

It is not known whether a triple coimiant ’ oiliipe;' mixture is formed, 
but if not, the n'snlts of distillini; a mixture of these three* constitneiits 
is much the same as if the mixture consisted of (he three components, 
(i) methyl alcohol ikl*. ( J) constant boilin<r mixture of methyl 

acetate and alcohol with \\.\\ 5.V.S \ and 131 constant boiling mixture 
of acetone and alcohol with Ikl'. 53.5 • I iiat this is the case is indi- 
cated by the fact that the tirst fractions on distillation have a specific 
gravity higher than the later fractions t methyl acetate sp. gr. 
methyl alt^ohol and acetone sj). gr. both about o.yi)). ddiis is also 
indicated by the jirescnce on tin* market of commercial products from 
wmod alcohol naming, one containing 5o-()o jier cent methyl acetate, 


Phys. Clicni. 340 (iXqg). 

Bihang till Jernkarnton Aunalcr, lyij* 
dm. Chem. Jouu 384 (iSyy;. 
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2 Q per cent acetone and the rest presumably methyl alcohol, the other 
containing 8o to 90 pet cent acetone. The former of these products 
has a composition very near to that of 3 ])arts of low boiling mixture 
(2) and one part of mixture (3). 71 ie latter is almost the pure con- 
stant boiling mixture of acetone and methyl alcohol. 

The separation of these constant boiling mixtures from methyl 
alcohol is difficult on account of the small differeiu^es in boiling points 
and this results in the production of large quantities of refined wood 
alcohol containing small amounts of acetone, since for many purposes 
small amounts of acetone are no disadvantage, 'fhe methyl acetate con- 
stant boiling mixture is more readily separated by distillation because 
there is less of it and it has a lower boiling ])oint. 

Many chemical methods for .separating acetone from methyl alcohol 
have been suggested but they are apparently not as efficient as the 
separation by distillation, since none of them are used commercially. 
The formation of chloroacetone and subseciuent sejiaration by distilla- 
tion is the favorite suggestion and a method based on the insolubility 
of acetone in caustic soda solution has also been described.’ ' 

The solution containing calcium acetate and organic impurities 
from which the alcohol constituents have been removed by distillation 
is now ready for the preparation of the acetate On account of the 
fact that calcium acetate is very soluble in water, and is more soluble 
in cold water than in hot, no rational method of concentration and crys- 
tallization has been developed, and instead eva])oration and drying are 
the methods used for preparing the final au‘tate ])naluct. 'J’his method 
results in an acetate contaminated by organic im{)nrities. (.'ommercial 
acetates contain 80-83 ])er cent calcium acetate and this variation is 
probably due largely to the conditions of neutralization, although the 
exact effect of these conditions is not known. 'I'here is a certain 
amount of calcium formate also ])resent. No data on the calcium 
formate content of American made samples are available, but Berg- 
strom show's 2.3 per cent formic acid on tw'o sam])les of acetate 
produced in Sweden from hardw(»ods. Just how much of the 17 to 
20 per cent impurity is wxiter of crystallization, hygroscoj)ic water or 
inorganic impurity is unknown, although calcium acetate is supposed 
to cry.stallizc with one molecule of water from hot solutions,’^ and this 
woukl give about 9 per cent w^ater and lo ])er cent organic impurity 
in an 81 per cent acetate. 

Combinations of Steps in Refining 

The simple refining process which has been disensj^i'd in some detail 
consists of numerous separate operations during which the main part 

” U. S. Pat, No. 1,106,707. 

^ Bihang till Jernkontorcts Atnialcr, iqj2. 

>• Lumsden, Jour. Llicm. .'>oc. 8i, 355 (looj). 
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of the crude distillate is repealcdly condensed and redistilled. This 
is an inefficient process from the standpoint of^ consumption of steam 
and condenser water and manv metliods are now in use for combining 
certain operations so tliat the va])ors from one may be used as the heat- 
ing medium for the other with eorres]Kni<ling economy in steam and con- 
denser water. One suggested method is to use the heat in the vapors 
and gases as they come fnun the retort for a continuous refining 
process in which the pr(»ducls are .separated bv fractional condensation. 
The use of multij)le effect e\apofators is also becoming common for 
the distilling ojKnalions in wliich fractionation ])etwecn volatile liquids 
is not required, such as the distillation of the crude pyroligneous and 
the evai)oration of the acetate 'solution. Tin* use of column stills on 
the neutralized pyroligneous aci<l for se])arating the alcohol in concen- 
trated form in one {)j)eration is anothei combination of stet)S which 
increases efficiency in steam consumption. 

The first o]K‘ralioi: in the ordinary refining piocess, the distillation 
of the crude pyroligneous to renune the dissolved tar, re([uires a dis- 
tillation of the entire waterv^ distillate with immediate condensation, 
and nothing is accoinplishe<i except to prepare the ])vroligneous acid 
for ncntralization, after which it is immediately redistilled. If the 
soluble tar CfUild he ]irevenled fioni reaching the condenser by some 
device between the retort and the condiaiser, tliis first distillation could 
be avoided. Different methods for accomplishing this have been sug- 
gested and tried but there is only one plant in the Ihiited States where 
such an oj)eration is •even attempted and it is rejiorted that only about 
half of the pyroligneous acid comes from the condenser free enough 
from tar so that it can he neutralized directly wfithout rcdistillation. 

The removal of soluble tar from the hot gasts and vapors is not 
entirely a problem of fractional condensation because the soluble tar is 
not volatile. It must occur in the vapots in the fomi of a fog or mist 
wliich is so fine that it does not settle out in the short distance from 
the retort to the condenser. A partial coolov, of the vapors until the 
first conchaisate is formed does not, tberelore, cause a condensation of 
pitch (soluble tar) but a condeiisatiiai of the highest boiling volatile 
constituents of the tar (heavy t)ils)/" d'he coiukaisation of a small 
part of the vapors may, however, be of as^i^tance in the jnecipitation 

In tin; v.iimr.s loinitip from .1 wood distillatio.i iiloit al .i leiupciatuie of say 200" C. 
c-veiyllnijf,' is probably 111 tin.- form ol a tiiu' v.ii>ui t\<tpt ibe actually non-volatile pitch. 
On cooIiiiK tlic lir.st tondoisatt consists ol the Im-lust boiling ods with bodinp points art^ind 
270“ C. If tlu’.sc oils wore m \apor from bi low their boding points only on account of yhe 
presence of sat,uiatefl suam. watci would comldisi. aluug w'llh them in the proportion required 
for tluir volatilization, but the steam is in .supcilualtd condition and there is also a con- 
siderable quantity of gas pu^ent and both tin supci lu at( d stiam and the gas carry the oil 
vapors the same as or other incit gas can' - w.ilir vapor below 100° C. It has been 
found that coding tlu v.apois to about lo'^' C. mmUn-es most of the tar oils. (Hawley and 
Pier, Chem. & Met. Eng. 26, 1031, 1922.) The only oils which remain in vapor form 
above 100° C. ate those which constitute the maximum amount that could be distilled with 
the amount of saturated steam present plus those canied in vapor form by the gas at 
that temperature. 
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of the tar because the first drops of condensate are very likely to form 
on the susfx^ndcd pitcl particles and increase their size so that they 
more rapidly settle from the vapors. This is ju-obably the principle 
upon which the tar sejiarators work which cool the vapors until con- 
densation just be^^ins, and tlien pass the vapors throu^jh towers or col- 
umns where they arc scrubbcjl with liipiid tar. Klar "^ and llerfi^strom 
and Wesslen have described such tar scjiarators l)ut it is not known 
to what extent they are used in l^'urojie or what riuality of acetate can 
be made by direct neutralization df the pyroligneous acid jiassed 
through them. 

Some preliminary experiments have been reiuuied on another type 
of tar separator.”^ On a small retort a ( ottri'll ])rei-ipit.'it(»r was used 
with the idea that if the soluble tar existed in the vapors in the form 
of a fog it could be s(‘para1(‘(l from tlu* true \aj)ors by ek‘ctrostatic 
precipitation. 'This atteiujit was successful m stopi)ing most of the 
pitch before it reached the condenser, but a small, amount of soluble tar 
was found in the pyrolieiieoiK acid and the acetate made by direct 
neutralization was only 7S ])(‘r ciait pure calcium acetate in conijiari^on 
with the 80 to 83 ])er cent obtaiinal in jiractice by separating the tar by 
distillation, hatlu'r on account of jioor insulation in the precipitator 
or because some of the soluble tar (‘\ivls as vajior l)efore comleiisatifin 
and polymerizes to non-\olatile pnxliicis afterward the results were 
not entirely satisfactory. 

Two (lifiRculties always encountered in any combination of steps in 
refining wood distillation ])roducts are caus(‘d by ll\e coniimious forma- 
tion of “tar” throughout the jjrocess and by the s(‘paration of oils 
which should be removed from the ftroducts of a distillation before 
redistillation takes jdace. A])parentl\ there are volatile jiroducts in 
the crude pyroligneous acid which slowly jiolwiK'nze to non-volatile 
products — so slowly that they may not be removed in the first distilla- 
tion but remain to deposit on evaporator tubes and in distilling columns 
during subsccjuent distillaticms. y\ continuous fra<lional condensation 
process of refining has been numtioned in which the heat of the 
vapors is sufficient for most of the refining ]>rocess. After the vapors 
leave the tar separator they would be jias^al into milk of lime for 
separation of the acetic acid, and the temperature of the container 
would be maintained at such a point that a concentrated acc'tate solu- 
tion would remain behind, while the alcohol vajiors would pass over to 
a c.ontinuous column still where the waiter would be separated by frac- 
tional condensation and the concentrate(l alcohol waiuld ])ass to a con- 
denser. Such a jn'oeess is jierfectly ])ossib 1 e and is ideal from the 
standpoint of fuel consumption, but there arc difficulties to be over- 


Loc. cit., p. 185. 

” Om TrakolninR, p. 201. 

** Hawley and I’lcr, (Item, Met. Vtuj. c6, 
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conic. The oils which get through the tar separator and would he 
removed from tlie jiyroligneous acid heforr> neutralization in the 
ordinary process now come in contact with the lime and probably 
form impurities in the acetate. Part of the oils would als(' remain 
uncondensed in the vapors from the ac(‘tate solution and would go 
to the alcohol still. Here most of them would probably be condensed 
with the w^ater but some w'ould carry through and contaminate the 
alcohol solution. Probably the greatest difficulty of a ])rocess of this 
kind, however, would lie in the •non-condensible gas from the retort, 
w'hich would carry through all the ap])aratus and finally ])ass out the 
condenser with the concentrated alcohol solution. \Ve hav<^ already 
.seen that there is a slight loss of alcohol in this gas c\en when it is 
.separated by the retort condenser in the first ste]> of the refining 
process. 1'he loss would be \erv mucb greater in this ease where the 
alcohol is mucb more concentrated and its vapor pressure is, there- 
fore, mucb higher. Tn order to control this loss very elTicii'iit gas 
scrubbers would have to Ik* used with large amounts of vvat(‘r for 
scrubbing, so that the gain in the fractional condensation process would 
probably be offset by the additional expense of recovering the alcohol 
from the wash water. 

It is ho])e(l that this discussion of the chemical properties of vvoofl, 
its deconi])osition bv beat, the ])rodiicts of the decomposiiion and the 
processes of .separating the valuable products, has been succc'-sful in 
bringing out the comph xitv of the subject, the small amount of detailed 
information available on important points and the opportunities for 
re.search on scientific details and on practical application. 
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Chapter I. 

The (kminiercial Processes. 


M'he rcsiiKMis wut.xl in<hisu\ is rt‘|)res(‘ntt‘(l by two 

classes of itrocesses so distintt in iiietliods and in ]>roducts that they 
will be trc'ated se[iarate]\ t )ne of these is the destnuiiee distillatit^n 
])rocess ; tlu' other, the extraction process or the “steam and solvent” 
jirocess in which tin* rt'siiuais ))rodnct- are r(Mno\<sl from the wood 
wdthonl decompositi(ni and the wotal remains liehind nmdianj^ed. Many 
special and elahoratt* ])rocesH'‘' haxe l)eeii proposed for resinous wood 
<listillation and some ha\e operated on a comnua'cial scale, hut for some 
time the onl\’ coninuTcial jaan'esses liaxt* lieloiii^ed to one or the other 
of these two classes. 

Destructive Distillation Process 

The dest rncti\ e^distillition jiroec' > is n<»t standardized enough to 
make ])ossihle the descriptaai of a txpieal ])roce.ss, althongh the general 
])rinci])les are the same jn all lases. d he wood used is [litchy “light- 
wood” or old stum])wood Irom the longleal ])ine, oialinary sawmill 
waste or green timber not ei)ntaining snflicient ])itch to make the 
})rocess jirolitahle. No other spcri > of wood has been used in success- 
ful continued opcu’ation, altlmugh plants ha\e been built and operated 
for some time using .Norwas piiu* and D iiiglas hr, J he former has 
])itchy stumps and the latt«‘r forms occasional pitchy ])iec(“s of wood 
wdiich can be t)icked out of the mill v\<isie but in neith(‘r case can com- 
mercial (piantities of wood be collected etjnal in iiuality to the longleaf 
pine wood. 

The light wood and stiimi)Woo<l aie selected to a certain extent in 
collection, not all the stumps or old dead w'ood on the cut-over lands 
or abandoned tur])entine orchards being -iiKit'ieiitly jiitchy. The stujnps 
are removed from the ground by dynamite, the charge being placed 
so as to break the stumi» into several piece's as well as to loosen it 
from the grouij^d. A little trimming wiih axe or saw* then furnishes 
the wood in shape suitable for trans]MMt.ition to the plant, 'khe light- 
wood is cut to straight four-foot lengths when jiossible but much of 
it is irregular in shape and size and is brought in in short jiieces. The 
wood is in condition for distillation as delivered at the plant since no 

S7 
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drying is required. The lightwood is air dry and the stumpwood, 
although part of it conies from beneath the ground, is much drier than 
green stumps. Only stum])s from which the tree has been cut for at 
least ten years are used. 

The distillation apparatus is of several different types; at one plant, 
vertical retorts are used ; at several, horizontal cylindrical retorts of 
various sizes with charging and discharging by hand, and in other cases 
larger cylindrical or rectangular retorts, in which the wood is charged 
on cars as in the hardwood distillation- process. Jn two plants the 
retorts are of concrete and the heating is accomplished by Hues of large 



I'lC, 13. — General View of Plant for D("'1rnclive Dislillalion of Resinous Wood. 


iron pipe inside the retort. In s<»me cases also the (harcoal is cooled 
inside the retort, although outside coolers are provided with all the 
retorts which charge llu* wood on cars. ( )nly one cooler for one twenty- 
four-hour cooling jK’riod is required with resinous woods. 

The methods of healing and of taking off the i)ro(lucts are also 
various. At most plants all the products are distilled and collected 
togqfher without any attempt to obtain fractionation of the products 
from the retort. At other jdants the fust ])art of the distillation pre- 
vious to the destructne stage is retarded and the maximum temperature 
kept lowg until most of the \olatilc oil occurring as such in the wood is 
distilled over wdthout much contamination by destructive distillation 
products, in this case two sets of condensers are used for the two 
stages in order to prevent contamination of the volatile oils by tar and 
pitch left in the condenser from the previous run. For some time a few 
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plants have drawn off a part of the products;, from the bottom of the 
retort near the end of the distillation instead of distilling eveiything 
through the condenser. This material drawn from the ])ottom of the 
retort is naturally the least volatile ])ortiun of the products, the pitch. 
More recently a few retorts have been oi)eraled with the heat applied 
mostly at the sides and top, so that some of the high boiling oils could 
accumulate at the l)ottom along with the pitch and h(‘ drawn off as a 
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heavy tar, thus obtaining a certain fnictionatioii of products from the 
retort. 

This type of retort was developed for small plants of one or two 
retorts only, with the idea that such small plants could not afford to 
install refining apparatus and in this way would produce partly refined 
products for shipment to central refining plants. Such small ‘plants 
could be located near the wood supply and could operate in one place 
for seveVal years without using up the wood in the immediate vicinity. 
In this way the products of distillation would he shijiped instead of 
the wood, wilTi a consequent saving on transportation charges. This 
plan has not yet been worked out on a large scale. 

The condensation of the licptid jiroducts and separation of the fixed 
gas is carried out the same as in hardwood distillation. The liquid 
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products consist of pyroligneous acid and crude tar the same as with 
hardwoods, but tlie lar, on account of the presence of resinous con- 
stituents of low gravity, floats on the pyroligneous acid. The main 
valuable products are found in the crude tar and the pyroligneous acid 
is usually a waste product. In only one plant has the acetate and 
alcohol been removed from the pyroligneous acid and this was profitable 
only on account of peculiar local conditions, including a cheap supply 
of fuel for the rciining process. 

After the separation of the crude tar by settling it is separated into 
various products by distillation and chemical treatment. In this refin- 
ing process as in the distillation of the wood the ])rocesses are various. 
Few standardized jjroducts are made and many s))eeial products are 
prepared for the markets which have bec'u developed by the individual 
plants. Pine tar is a fairly well standardized product and the com- 
mercial product is the residue left after various Jight oils have lu*cn 
removed from the crude tar by distdlation. The cnule tar is distilled 
in copf)er stills provided with clo.sed coils and a steam jet and the dis- 
tillation is carried on until the oil in the distillate reaches a certain 
gravity. The distilled oil with a gravity up to about 0.95 is separated 
for chemical treatment if refined turpentine and ])ine oil are to be 
obtained, or if refined turj)enline alone, the oil up to about 0.895 
collected separately, d'his is treated with a .solution of caustic soda 
for removal of some of the rosin oils and then distilled. The refined 
turpentine fraction sometimes includes all the oils with a graviu u]) to 
£>.87 or 0.875, sometimes a separation is made of**the light oils with 
boiling points below the turpentine range. The jiine oil is .sejiarated .so 
as to correspond fairly well with the .standard steam distilled pine oil, 
except that the range of boiling ])oints is usually wider in the destructive 
product. Various intermediate fractions are taken to jirepare special 
products and a detailed tyjncal jirocess can not Ix^ described. 

Pitch is obtained direct from the retorts in the jdants where jiro- 
vision is made for drawing off a product from the bottom of the retorts 
during the last part of the distdlation. d'his jatch needs no further 
treatment for market unless it is a little too hard or too soft, when it 
may be mixed with a little heavy oil or “boiled down” in a special pitch 
pan as the ca.se may be. Jhtch may also be obtained as a residue from 
the distillation of the tar, various heavy tar oils being obtained as a dis- 
tillatedn the process. This is not commonly done, however, .since the 
process is difficult and the market for the products is not very good. 

The caustic soda solution which has been used to treat tl'ie crude 
turpentine contains various constituents which can be reinecipitated 
by acidifying the solution, and this is sometimes done, usftig the pyrolig- 
neous acid for acidifying. 

The lack of standardization in these pine tar ])roducts is in many 
ways a handicap to the industry, since the expansion of the markets 
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is difficult when the same product ran not l^e o])tained from more 
than one or two plants. (3n the other hand, it is sometimes beneficial, 
since when the market is poor for one product it need not be sejiarated 
but can be combined with other jn’odiicts. Jotr instance, there might 
be times when the prejiaration of a retined turpentine would not be 
profitable, but the sale of the crude turijentine alone or with other 
fractions would save the situation. 

The yields of various produrts can not l>e accurately given since 
there* are such \ariations in the (jiiality of wood iisi'd and in the 
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composition of the iiroduct^ The yiehK are sonu^tiines stated in 
terms of total oil obtained ])er ('onl ot wood used, and it is believed 
that about Sc) gallons per cord is a lair averagt for this crude’ jiroduct. 


Steam Distillation and Extraction Process 

d he raw material for this protest is the same as that for de- 
structive distillation and the same discns'>ion on selection and collection 
applies, except that any piece small enough to go into the month of 
the “hog” or grinder is suitable for transportation to the jilant. The 
wood after arrival at the iilant is “hogged” into large ii regular chips 
and then shredded into smallcT and more nniform sizes, d'he hog^and 
shredder are standard apparatus for comminuting fibrous material 
such as *w'ood. Tlie fine chips are carried by conveyor to bins at 
the top of the e.xtractor biiihling. 

d'he remo\fd of the valuable products fiotn the wood takes place 
in a battery of cells or extractor^ and a iiart of the process is similar 
to the ordinary intermittent countercurrent, series extraction. Before 
the extraction with .solvent, however, the crude turpentine is mostly 
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removed from the woo(J by steam distillation, and after the extrac- 
tion the solvent remaining on the chips is recovered by another steam 
distillation. All these operations are carried out in the same ap- 
paratus and each cell must, therefore, be provided with a steam 
jet, closed steam coils, inlets and outlets for the solvent, and separate 
condensers for the crude turpentine and the solvent. The extractors 
are vertical cylindeis of various sizes holding from three to fourteen 
tons of wood and the greatest variation in design is in the discharging 
arrangements. In some cases the outlet for the finished chips is on 



Fig. i6.— Interior of Fxtrarior T louse. 


the side near the bottom of the cxlinder, in other cases the entire 
bottom of cdl is removable so lliat the chi])s may fall out without 
restriction. 1 he '^oKent is generally a special fraction of gasoline 
without the high-bt)iling portions which would contaminate the pine 
oil and make the solvent recovery difficult. 

The number of extractors iii a battery varies at different plants 
froni.fonr to sixteen, hut in every case the various operations of charg- 
ing the fresh chi])S, sli-am distillation, extraction with solvent, solvent 
recovery and discharging the extracted chips take jilace in this order 
in each extractor and all the oiierations (excent possibly the shorte.st 
ones of charging and di.scharging) are taking place in 'different parts 
of the battery at the same time. For instance, in an eight cell battery 
some one cell might always be cliarging or discharging, sometimes one 
and sometimes two steaming for crude turpentine, three extracting 
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with solvent, and sometimes two and sometimes three stcaminj; for 
solvent recovery. 

The details of these operations vary at different plants; superheated 
steam may be used cither for the solvent recovery or for both solvent 
recovery and turpentine distillation ; the boiling of the solvent may be 
done by direct steam or by live steam ; the solvent removed from the 
extractors during the boiling process may be returned to the cell or 
sent to storage ; the speed ancl j')ressure at which the steam is blown 
into the charge of chips may vary. 

In every case, however, the crude products of these operations for 
further sei)aration and refining are the crude steam distilled turpentine 
and the solution of rosin in the solvent. The separation of the crude 
turpentine into refined turpentine and refined pine oil is accoinplished 
by fractional distillation with steam, sometimes a little cau'^tic soda 
being added to the crude turpentine before distillation. The dis- 
tillation is controlled by the gravity of the distillate, the first fraction 
with gravity Uj) to about 0.87 going into the refined turpentine, the sec- 
ond fraction up to about sn being an intermediate part held over for 
redistillation, and tbe last fraction being refined i)ine oil. The residue 
of dark colored heaw oil is verv small in quantity. The intermediate 
fraction is cither held over until enough is obtained for a special dis- 
tillation or else it is mixed with tbe next batch of crude turpentine. 

The solution of ro.sin in the solvent also contains the pine oil not 
removed from the wood in the fir.st steam distillation and the refining 
process is for the* purpose of recovering the solvent for further^ use 
and sejiarating piiK; oil and rosin in condition for market. This is 
also accomplished by fractional distillation, with closed steain coils 
during the first part of the process, and with live steam also during the 
latter part. There is a wide difi'erence in boiling point and in gravity 
between the solvent and the pine oil, that this separation is not diffi- 
cult, and if some pine oil is distilled with the solvent it is not lost 
because it all goes back into t!ie proexsN again. Great care must be 
taken, however, to remove tbe last traces oi jiire oil from the rosin 
in order that the latter may be bard and brittle. After the pine oil 
is all removed the molten rosin is run into wooden vats and dipped or 
run into barrels. 

There are two points about this process which must be caretully 
watched to jirevent trouble, solvent loss, and contamination of the 
turpentine with the solvent. When working with laige qiirfutities 
of hot volatile soh^ent a few leaks or incomplete condensations re- 
sult in a serious loss. It mav also be noticed from the general de- 
scription of tUe process that the same extractor is used for turpentine 
distillation and solution with gasoline solvent, and that a leak at the 
valve in the solvent connection to the extractor during the steam dis- 
tillation would result in contamination of the turjicntine with solvent. 



94 


IVUUU JJiyULLATION 


At some plants llu'ic arc two valves a short (.listaiicc apart in the 
solvent connection to the extractors, and hetween the two is another 
valve opening to the air. When the solvent line is to he closed, both 
valves in the main line are shut, and the one hetween them is opened 
to the air. 



i'ic. 17. — lops of i'.xtractoi's and IJottom of clii]) Ihns 


The yields of j)rodncts in this process vary considerably with the 
quality of the wood lu-ed and the corai)leteness of the extraction, but 
it is believed that per cord of wood about 500 pounds of rosin, 14 
gallops of turpentine and 6 gallons of pine oif are fair average figures. 


Statistics 

The latest statistics on resinous wood distillation are given in the 
Bureau of Census report, “Forest Products: 1919.’’ Tables 17, 18, 
and 19 arc taken from that report, d'able 17 showing the number 
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TABT.F. 17. 

Softwoods Consumkt) Disi ildatiov, iw Stmis. tqii) 




1 Quantity 

1 Lost 


Xntnher nf 

1 ■ ■ 



-- 

— 

State 

islahlish- 

nieiits 

Lords 

Per cent 
distnlni 
tion 

Total 

.Average 
per cord 

Lhiited States 


• Jsn.iotS 

100 00 

$ 1 .5o.t.o77 

$6.22 

(ieorgia 


ni.Toh4 

40 () 

5^>i.57f) 

5 40 

I'lorida 


6 

XC.ol,:; 

h 

hiH .744 

7.19 



Alaltania 


41 JK' 

It) J 

jf) 4 ,<)i ' 

() 40 


Louisiana 

^ 1 

iS.oos 

L74S 

7 () 

osjKK 

1 5 .V 

7-H5 

All other states 

' 

J () 





* IruhuU's I ( si.ililishiiu nl >;,i\\(hist 

t Tiu'liulcs t St Jill shin on t.s <lislxil»uli <1 as fnllows Mulligan, 1. M is^ issiiijn, 1, North 
Carolina, and Texas, 1 . 


luid location of jilant- and the anionnt of wood consinned. does not 
make a distinction 1)etween destrnctixe distillation and extraction plants, 
])Ut a n)u,^di estimate of the relative si/e of tlu* tvvt) processes can he 
obtained from the rosin ti.i4ures in d'alile iS. d'his rosin must come 
only frrim the extraction plants, and at the rate t)f i.S barrels of 
rosin per cord of wood the, anionnt of wood used by the extraction 
])lants would he aliont 130.000 conK. dlie tw'o liranches of the 
resinous wood di^illation industr\ were, therefore, about the same 
si/e in d'w'o new' extraction ])lants have been built since 1910. 

so that this branch is now' probably lar^^er than the destructive 
distillation branch. 

1’ahle i() shows the actual boldine^ capacity of the distillation ap- 
jiaratus in cords of wood, hut thi must not he taken as any measure 
of distillation capacity of the apparatus in conls ])cr day, since the 
length of time the wood remains in the apjiaratus may vary widely. 

'The division into retorts and o\ens i.^. also suhiect to criticism. In 
resinous w ood distillation the distinction hi t w een retorts and ovens 

TABLE iH 


(JcAMri'k or cTs iuom Soitw'ood Disi'ii.i.ation : ung 


Kind 

Quantity^ 

Uo.sin 

Turpentine 

Tar 

Tar oils • 

Charcoal 

Wood creosote 

barrels (280 pounds) 

gallons 

gallons 

pounds 

234,030 

L 534,333 

2 , 125,757 

581,042 

1,702,103 

207,050 
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TABLE 19. 

EguirMENt Used in Softwood Distillation. 


Slate 

Retorts 

Ovens 

Steam 

extractors 

Aggre- 

gate 

capacity 

(cords) 

Number 

Total 

capacity 

(cords) 

Number 

Total 

capacity 

(cords) 

Number 

Total 

capacity 

(cords) 

Alabama 

20 

10 



60 

150 

160 

Florida 

18 

30 

11 

70 

40 

320 

420 

Georgia 

76 

306 




363 

660 

Louisiana 

3 -" 

40 



8 

17 

57 

All Ollier states * 

50 

78 



2 

20 

08 

Total 

196 

464 

T I 

70 

LV 

870 

1,409 


•Includes Micliigan, Mississij)!)!, Nuitli ('.iiclina and Texas. 


is not even so simple as in lianlwooil distillation, since tlieie is a nincli 
wider variation in design of distillation apparatus in llie former 
industry. About tlie only safe distinction between llu'se two terms is 
to call band-loaded apparatus “retorts’’ and car-loaded appaiatus 
“ovens.’’ If ibis line of division is made Table 19 is incorrect, since 
ovens of the same t\pe as those used in Florida are found in Georgia 
also. 

Statistics for foreign countries are lacking, although Sweden is 
known to have a considerable wood distillation fhdustry in which 
.softwood is largely used. The other countries around the Baltic Sea 
also produce large (luantities of distillation ])roducts. mostly tar, from 
resinous woods. Much of this tar is made in tar kilns or “pits” with- 
out the recovery of other resinous products, and the name “Stock- 
holm tar” apt>lied to this ])roduct has become a common name for 
pine tar in general. Some time ago, “Russian turi)entine,” a crude 
destructively distilled wood turpentine, was a common article of com- 
merce, being imported into hingland in large cpiantities. 

Uses for Resinous Wood Distillation Products 

d'urpentine and rosin are very imjKirtanl chemical products with a 
large number of uses. The largest compilation of these uses is that 
given 'by the Leather and Paper Laboratory of the Bureau of Chem- 
istry ^ which is reproduced here in com])lete form. It must be noted, 
however, that this list was ])repared for the standard gum tur|)entinc 
and rosin obtained from the live tree and that the w^iod distillation 
products may not be suitable in all cases. For instance, a turpentine 
from a destructive distillation process would not be used for phar- 

^ Noval Stores Revieiv, Apr. 28, 1917. 
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niaceutical ])iir|)os{‘s (c'xa'pt j)Mssil)]\ l'(»r disinfcrtrmts ) , ior llu* finer 
grades of varnish, or as a raw material tor eliemical proei’s^es such 
as the inainifaeture of arlilicial cani]»li(n‘ or ler])in h\di.ite In other 
cases where a dillerent odor was oh)i‘i tionahle tin* destnutue dis- 
tillation i)rodnct might not he iise<l. ddu' steam distilled turpentine, 
however, is being used more and mon like the gum lnri)entine, e\en 
in the liner phannacimtical inaxlucts. 

ddiere are also some uses fiy gnm losm m which wood rosin has 
not vet been snhstitnted on account ol color or lowm melting point. 

1 he'^e lists are \er\ extensne and man\ ol the uses mentioned 
are unimportant or aie possihihtiC'- and not actual comnierciai o])era- 
tions hut the\ show \ei\ stnmgK the widesprc'ad n.s ■ and great im- 
portance of these law matiaials '1 Ik' largest and most im]n)rtant Uses 
of turpentine are as a thinner and snhent lor paint", \arnishes, lillers, 
stains, pohslu's, ^-le 'I he largest and most im]>ortant nsc*s for rosin 
are as resinates (s(»a])s, dneis aixl si/e i ni plastic i oiigiosil ions, and 
for rosin distillation product" 

Steam distilK'd pine oil is a eommeo i.'il piorlnu which is lairl)' 
new to coinnierci', and at tirM it was dilluailt to lind a market fur it, 
hut soon main imjioitant uses wtaa- lonnd lor it and tor some years 
it has commanded a higher priei than iui]Hntnie. When the llotation 
piocess for ore cnncentratioii was lirst developed pine oil was loiind 
to he a \ ei \ goo<| llot.ition oil and loi "onu* lime it has been con- 
sideri’d almost ,i standard oil, tlu* te loi new oiN henig conijiarisons 
with pine oil. Its ^ik'asant odor, hu k o| irrii.iting jiroperlK's and high 
germicidal power have resnlti'd in iN nse toi antise]>tics and dis- 
infectants. It has \{‘rv high solvent pnwer loi gums and rcsins so 
that manv u>es of this kind have de\el"]H‘d It is iisesl in paints and 
varnishes to give the suitacT a ’‘h u elleel. Its pleasant odor coni- 
hined with solvent action has led t" it" use vvheie a tairly chea]) 
deodorizer is UM|nire<l m vaiion" oiiv <'i lesmons compositions. Jt 
has recentlv heem used as an ingushent n. «i denaturing niixtnrea It 
also has some themieal usc‘s i)a"ed mi :t" high teipnu'ol ('onteiit. l)e- 
structivelv distilled piiu* oil doe*" not h.ave the Inu'i uses wlu're the 
pleasant odor is lepinreil hut it is nst-(| kirgelv htr such jnirjioses as 
flotation oils. 

Tine tar has been an inijiortant coinmeicial iiroduct for many years, 
hut the original jirodiiit was not made hv witod distillation in closcal 
vessels heated from the outside. It wa" mad(‘ in tar kilns oi tar'pits 
somew'ha*t alter the manner in which charcoal was made without 
by-product recoverv When the first jaiu' tai was produced from 
closed retorts 'i was variable m ([u.dilv and not like the standard "kiln 
tar.” 1^vo kinds (d' pine tar were, therefore, ilistmgnished in the trade, 

Fni a (U’t.iiKd .lisuissMii lli< diHiicu'' mi imfliofU <il i.ilini; kjliis for cliarcual 
l»i oduotK-in and fui tai i>i (mIiuIjou -.t i Om 1 i akolimu-, p imS 
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kiln tar and retort tar, and tlie latter commanded a lower price. The 
retort tar gradually inf[)roved in quality and at one time brought a 
slightly higher price than the kiln tar. The two are now used prac- 
tically interchangeably although they are quoted separately. 

Pine tar has a large numl)er of minor uses but probably its largest 
single use is in the manufacture of cordage. Tarred rope and twine 
prepared with pine tar are standard cordage for many purj)()ses. An- 
other similar use for pine tar is in the impregnation of hemp fiber for 
the production of oakum. 'Far is also used in paints, stains, and soaps, 
and for various pharmaceutical preparations such as f)intmcnts, cough 
remedies, hair tonics, and antiseptics. 

There are various other products of the destructive distillation of 
pine wood called “tar oil,” “pinewood creosote” or various special trade 
names, which arc widely used for flotation oils and for other purposes 
similar to those mentioned for pine oil and pine tar. 

Jh'newood charcoal has the same uses as hardwdod charcoal, although 
a greater ])roj)ortion of it is probably used as domestic fuel on account 
of the local demands for it for this ])urposc. 

Pinewood ])yroligneous acid is not used in the manufaclure of acetic 
acid and w'ood alcohol, so attempts have been made to sell it without 
any further refining. Several uses have been developed, such as for 
disinfectant, weed killer and raw material for pyroli,t;nite of iron, but 
much of it is still a waste t)roduct. 

USES Oh' TURPENTINE. ' 

Comi)iled by the 

Leather and Paper Laboratory of the Bureau of Chemistry. 

Naval Stores Review, April 28, 1917. 

Volatile thinner for ])aints. varnishes and wood fillers. 

To accelerate oxidation of drying oils (as an ozonizer). 

Solvent for waxes in shoe and leather polishes, floor polishes and 
furniture polishes. 

Solvent for gums in lacquers and varnishes. 

Ingredients of waterproof cements for leather, rubber, glass, 
metals, etc. 

Solvent for waterproofing compositions. 

Cleaner for removing paints and oils from fabrics. 

Pharmaceutical purposes, including: 

Disinfectants. 

Liniments. 

Medicated soaps. 

Internal remedies. 

Ointments. 
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Raw iiialerial for producing .synthetic caatjilior and imlirecth , 
Celluloid, 

P>xi)lnsivcs. 

Fireworks. 

Mcdieiiies. 

Raw niatcM'ial for producini; l(‘r|)iiiool and oiKaly[)lo1. 

Raw material for prodneinm tenjmili) drate used in medieines. 

Raw material for ])rodueiiii; isc^prenc used in makini;' synthetic 
rubber. 

In the manufacture of sealinjj;^ wax. 

In glazinj^ putty, 

Inj^redients of some ])rintin|L,r inks. 

In color-printiiyc: j^'oeesses in litboorapliy. 

Lubricant in f^rindinj:^ and drilling;' .j^lass. 

As a moth re])ellant and* in moth exterminators. 

Constituent of insecticides. 

For cleanini^ firearms (alone or in eoinbinatioii with other ma- 
terials). 

Jn laundry j^losses. 

In washini> jireparations. 

In rubber substitutes. 

In wood stains. 

In stove ]>olishcs. 

In modellini; wa??es and ^raftine waxes. 

In beltin^r jj^reases. 

In drawing cra 3 '()ns. 

Jn the manufacture of j)atent leathers. 

As a substitute lor ])ine oil in tation concentration of ores. 
Solvent for rubber, caoutchouc and dinilar substances. 

Used to prevent “hleedin,^ ’ in the nvnmfacture of cotton and 
woolen ])rint j^oods. 

Laboratory reagent as substitute fot more expensive organic solvents. 
Oxyj^^m carrier in relinini^- petroleum illuminating oils. 

C olored turpentine, reacjenl for w()od and cork in bioloj^ical technic. 

USIvS ()]' R( tSlN. 

Com})iled hv the 

Leather and Lajicr LaJ)oratorv of the iiureaii of ('heniistry. 
Jsaval Stores Review, May u, igi/. 

Manufacture of rosin soajis, includinj;: 

Laundf}'^ soaps and soap powders 
Sizing foi paper and paper l)oard. 
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J’aiiit (IruTs. ( R-j'sinat'-.s of lead, maiijuaiicst', cobalt and other metals, 
Japan driers.) 

Axle grease. 

Waterproofing comr»oiinds (insoluble rosin s(»a))s). 

Jsmnlsihable ods. (l.nbncants for bigli sj)eed tool work) 

J.eatlur diessings and shoe jjobsbes. 

biiianiels used in ceiamics ('resniales of beavy metals). 

Alanii failure nf certain varnisht*'* and laiajuers. 

Manufacture ('f plastic compositions, including; 

Seal mg waxes 

('ores for foundry W'ork. 

I\iibb(‘r substitutes 
SlnxMiiaker's w.ix 
lb iipiettes ainl lire knnllus 
Artitieial wood. 

(.'oniposition for pattern making 
Rapier-maebe 
llrewers’ luteb 
Roofing eemeiil. 

(iraftmg wax for tree^ 

Cheap linob'um ami oilelotli 
In ''hoe bottom filler^. 

Lutes. 

I’liarniaceulical purpo^c^, including: 

( )intments. 

1 Masters 
Cerates. 

Intern. d remi'dies (\e(eritiar\) 

1 tisinfeetiiig eomp<*nnds 

Makin<( roofin*; tn.atcrials. 

Adtilteration of ceresin and jiaraflin waxes. 

\dtilteration of lieeswax and “.arlilit i.il beeswax." 

Adtilteration of sliellrtc .and cert.ain resins, 

Manuf.acture td' X'enice titrpentine substitute. 

Mux for soldering and tin plating. 

Dtisting molds in foundries. 

In dry batteries and cdeclric.al insul.ation (wiring I. 

Constituent of wood stains. 

,*ln belting grease. 

( )n leather belts to prevent slipj)ing { usi inadvisable). 

( )n violin bows. 

b’or setting bristles m hair brusbes. 

(Constituent of insect powders. 

Imr the manuf.acture of "arlilicial copal.” 

In steel hardening. 

Consliluent for enamel for brick walls. 
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Coatih^^ fur match si»lints. 

Constituent tor some lloor waxes aial pnli^lie:#. 

In wax tapers. 

Hardening tallow candles. 

In stam])in<;- powders. 

Sizing for wood-pulp wall hoard. 

In wsateriH-oolin^ compositions fnr p.ipcr, c<ud hnaid and fabrics. 
I\'i])er hangers’ si/t*. 

Makinj 4 imitation lhir^imd\ jufch. 

Manufacture of munitions (hllino vacant s])acc‘ in shrapnel). 
Manufacture uf siukv ll\ papei 
C'onstitlU'iit ol swca'pini; compounds. 

W aterproohiii^ wooden fcaic'e posts 

Jn mi.xtures tu protc'ci tree's hdiii clinihm^ niset'ls 

C'onstituent of jirintmi; inks. 

Jn cTiiients ( for ,^lass, etc ) 
h'or I'aulkin^ slujis. 

In sult)hite-waste iitsh/ation 1 1'nppe piocessi 
in the manufacture ot c (.ndi'iisati' >n jikkIiuIs. 

As a raw mateiial lor producing u-riam chemicals ( heiizc*nc 
derivatives ) . 

In the manufacture of caihorundum and <'al< inm ('arbidc' ( usinji^ 
sawdust and laMusc* w(dd chips wuh ic'sidnes Intm the* manufacture 
of turpentine and rosin i . 

In destructive distillation tn ])ro<lnve. 

Kosin oil and rosin oil prndnets uad in 

Cemc’iils 

LiiliruMiit- (oils and a\u tni.iM i 

I’nntinf4 mks 

Adiillc'i altiicj lms<‘i-d nil. 

I'.K VVC! s' pitrli 
V arnislic’s 

Kiil)l)('i siihstitiites 

1' niiiu 1 p.niils for > .ivlils 

i' lntatioii cniicx nil .limn ni m 

Mixtures tn ]n<)l(<.l iKi" Imni tlindnne iioi'ls 

Shiiij^le slams. 

\\ aterprnnliim 1 «\tiKs and tnrdai.'<- 

Mannfactnia nf lainp hl.iek im liilm^i anliii tniipnses 

Snap makiin;. 

l.eatlu r drcssinus ami slme pnli-,lus 
SvveejMiis; cmupnimds 
/Xiliilteratnn; nine ml and c.islm ml 

Kosin s])i^its used in • 

illurinnaiit.s. 

'I nrpeiiline substitutes 
Cheaj) varnishes. 
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Acetic acid used for making: 

r 

Acetate of lime (source of acetone). 

Acetate of iioii (mordant and mineral dye). 
Acetate of alumina ( vvateriuootinj* cloth). 

Pitch used for : 

Cobblers’ wax. 

rreserving cordaj^e and nets. , 

Rooting felts and walen>roo(ing papeis 
Bituminous paints. 

Binder in l)riciuetles. 

(.aulking ships. 

Cements, lutes. 

Klectncal insulations (di\ ballerits, wiling, etc.), 
ria.slics for [lattern making 
Grafting wa.\ for trees. 

Raving matenals 

St('e] hardening compositicins 

Waterproof masonrv 



Chapter 11. 

The Raw Material. 


The diflference in ch(‘niical cotnjtosilion between hardwoods and 
softwoods has been shown in Table i, but this diffeience is onty be- 
tween the coininon, average wood for each j^roiip and does not indicate 
the difTercnce betw'een the raw^ materials used in the two industries. 
This is for the reason that the resiiuuis wood distillation industry uses 
only wood .selected for its hii^b resin content. 1 he normal resin con- 
tent of certain resinous woocl is .slinwn in the ether .soluble figures 
of 'Fable 4, longleaf pine and western yellow ])ine being the mo.st 
resinous. Kesin is not evenly distributed in the tree, how'ever, and 
certain jiortions may contain very much more resin than the average. 
The sai)wood contains very little resin, while the heartwood of the 
stump and butt log is very resinous. ])itchy or “fat.” d here are also 
frequent high concentrations of resin in the u])per jiarts of the tree, 
es])ecially at the junction of the limbs with the trunk.' d'he practice 
of tur])entining the*longleaf pine tree also treijnently causes accumula- 
tion of resin in the wood just underiK'ath the tur])entine “face.” Ihe 
detailed mechanism by which this resin is concentrated in certain jdaces 
is not clearl} understood. 

From this point forw’ard the (discussion is limited to the longleaf 
pine tree unless .specific menti(.)n is made of another si>ccics. This 
is for the rea.son that this .spe('ies is the only one used commercially 
and about which there is any (h'tailed info.mation. 1 he ])resence on 
old cut-over lands or in abandoned turpentine orcliards of large quan- 
tities of loose j)itchy wood locally called ‘‘lightwaiod/’ * “fat wood” or 

^ Lifthlwood, Cut-Over Lands and the Naval .Sldu-s industry, Naval Stares Rei*icw. 
Special N umbel, igji. , , ■ , 

* LiRlitwoud IS nut ordy ai)plicd to this louse Ksinuns wood hut alst) sometimes to the 
pitchy wood from stumps or m lumber. This vvuid is frtqmnlly pronounced “liRlitered” 
and an occasional variant of the name is “hghttivvood” Tht name probably originated in 
the common use of this pitchy wood foi toichcs simc it ctilainly could not develop ^from 
either the ctdor or the wught of the wood. -Tiiie knots” is the n.ime commonly applied 
to the peculiar conical shaped piece of nsitious woo.l wliuh (onies fiom the junction of the 
limbs and llie trunk. To distinguisli llu stumps from ibe i»il..liv wooil oteninng loose on 
the surface of the giound the l.ittei is fncpiintlv call, d “top wood.” Lightwood has long 
been an iniportanl material in the “pmev wood-” icgion of the South thioiigb its use for 
torches, and for doSicstic .and imlustn d fuel It w.is long iis. d as tucl for railroad engines 
and only lecently the quiuily sh.iped stack of tli<- wood binning locoinolivcs could be seen 
in many places in tlie Soull Ligbtwoou is stdl conunonly used as fuel for the steam 
skidders in logging operation.s on at count of its high IulI \alue Mid because the ordinary 
green wood winch might be cut for the pin post miiM nut develop sufTieieiit steam when 
burned in the ordinal y small tire ht.x. 
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“pine knots” and tlie resin content of old ])ine stiini])s have led 

to the ])elief that loni;l(.Mf pine w^ood increases in resin content after 
the tree dies or is cut. It is ])Ossihle, however, to account for this 
very jiitchy wood hy consideriiii; it a residue left after the dcray of the 
sajiwood and llu' k'ss resinous portions of the heart wood, the resirhie 
heine;' protected from decay hy its hi^h resin content. 

In a study of thi‘ utih/aticai of wood waste nr'ule h\ Arthur I). 
Little, liic., for the ( Ireat Southern l.uinher Co. all the stuin])s on each 



I'K. i<H- \\<M>(1 N.iol ,'nul Ivosiii Slooi.m 


of several one acre jilots were carefull\ measured lor the projior- 
tioual areas of hark, sajiwood, dcca)ed wood, (H'dinar\ heartwood. and 
"li^htwood” on the freshl\ cut surfaces. Samples df the wood from 
averas^e stumps, about one-('i^hth of the total munher, were then taken 
hy collectini^ tlie sawdust from a cut halfw'ay a('ross the stump about 
1 J/ ’Inches helow^ the to]). Determinations o1 the resin content of these 
samples corresponded \ery closel\ with \ allies com])Uted from the 
areas of the different kinds of wood, when the followdn^ resin contents 
were assumed (see table]). 105). < 

If from these assumed figures the resin content of the stum])s was 
computed after the hark and .sapwood had been removed by decay, the 
average computed value wais fully as high as that of the average old 


THR h\lir MAIRRIAL 


Bark 

Sap wood 

I)t*ca3'cd wood 
Ordinary liL-arlwood 
Light wood 


105 


2 ]KT a-iil 
“ " 

0 “ 

10 “ ■ 
43 “ “ 


htuni]). 1 his shows that it is iinnecossar\ to assninc am increase* of 
resin in tlie stuni]) aftt*r the tie*; is cut m ordei to accoinil for llie 
high i;esin content of old stinnps. 

It is just ])Ossihle that in the case of decaying wood, where the 
resin content is high Imt not (|nite higli enongh to laeveait diiav. the 
resin diffnses forw^ird in front of the deca\ing pr uoss until the 
concentration is high enough to jnevent further deea\ 1 his Inpothesis 
is the result ot the ohscr\ation (d peanliar hands ot I'specialK resinous 
W'ood near decaying surtaces and has little loiifninatoiw e\idence. 


Composition of the Resin * 

The composition of the oleoiesin ohtanied hy cutting into the li\i“ 
sajiwood of a longh'af pine tree is f<drl\ well known, since it is com- 
posed of two well-known chemical raw materials, turpentine and rosin, 
d'he turpentine portion consists practicall) cntirels' of alplia and beta 
pinenes. d'he composition id' tlu* ro'-ui tan n. t he state<l so delinitely 
hut it is supposed to consist mainly ui ahietic acid with a small iiortion 
of alkali insoluhle •rescues’' of unkiK'wn ( o iijMtsiiion 'I'liis dot's not 
tell the whole stor\, however, since rosin vanes considerahlv in color 
and in the chemical constants commonly ined in rejiorting the results 
of its examination such as acid iiumlu'r, estei nuinher and iodine 
numher which var\ over a considt'iahle range. 

d'he comjiosition of resin occurini'- in lightvvood is tlilTt'rent from 
that of the oleoresin as first lormt'tl m the lesin cells. 1'his was a 
fact not realized until tin* volatile oils n; ’'e wnod were obtained in 
uncontaminated condition and in tonimt'rci.il (jiiai. titles hy the steam 

* Iti outer to avntrl mninsiuii tin mum in l.il u: < |t> In ! ii this dismisMun is ^ivin 

hen- tdgftlur witli otlu i tenus iiiniimmh mm 4 l"i lia s.nm itiil<ii..ls 

“Rtsin" IS applied onlv tn llial usinmis imt* n.d utMin'M-; m lla wi'ud. “J‘Ui,li'’ is a 
coniinon synonym. 

"Oleoresin” i.s aiiplied onl\ In tin usnioim m.iliti.d lionud as a hmiIi nf a wninid in 
the sapwood— the fnsli p.ilhulonKMl suntion ni tin usm (.(Ik 'I lu tuipditim uimi.hois 
call this "gum" or "dij*” and soon wnlei'- tall it linpintiiH' m ‘nmU t in piiitine ’’ 

This di.stinO ion iKtwdii lesin and nlinn.'.),! is noi .id\<ii.iud Im ginei.d use Imv llie 
other nomeiielatut e is justilnd h\ tomnum iisa'4<‘ 

"Turin ijUnt” is applicfl onl\ in llu \nl.itih ,)ait nl tin nhnKsiii oi In a sniiilai inateiial 
fiom the n sin Tins is (n’iiiiinnl> lalltil "'-piiit'. m ''.pints tin jx ntnn.'’ ni |il.nn "tnips” 
Triinslatois finni the Fremli fi'inuntl> i.ill ii ismiu^” linm tin Imiuli wnid fni tin- 
pcntine 0 

"Rosin” Is applied only tn tin omi \ nlat iii pnitmn ni llu ohnuMii ni In a sniiilai 
material fmm the usm. "I'oinjilinny ’’ is tlu liuian liiiii fni llu saiiu matinal It is 
often called "jesin” hy the iastidmns who do not liKi tin. mnpli, \iilgai .sound of coin it 
name. This causes eniifnsioii on auonnt ol the piopii ns* nt icsin ini anotliii maliiial 
Uosin may he elasseil nndei the gimial tiiiii ot iisiiis hut it is imt ‘u sni ” 
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distillation process introduced about 1903. This is shown by the de- 
scription in l^orcst Sci*vdce Circular No. 9 (1895) of a method for 
determining turpentine in resinous wood which consisted in volatilizing 
the turpentine in a current of warm air, burning it in a combustion 
tube and computing the amount of turpentine from the carbon dioxide 
formed, ft was not known at that time that any other volatile com- 
pounds were present beside terpcncs with the formula CioHifi. It 
has since been found that not only r\rc there volatile oils other than 
turpentine present in tlie resin in light wood, but that the composition 
of the true turpentine constituents (terpenes) is difYereiit. d'lie manu- 
facturers t)f sleaiii distilled turpentine had found that there was an 
oil obtained by steam distillation of the wood wliich had a higher 
boiling ])oint and higher gra\ity than turpentine. I’his oil was called 
“pine oil.” ^ 'I'eeplc “ and Toch ’ had identified single constituents of 
this oil but it was not until Schimmel and Comi)any studied it that all 
its main constituents were determined. They ri^)orted the following 
eleven conslituents : ali)ha ])inene. beta pinene, dipentene, limonene, 
camphene, cineol, alpha ter])ineol, borneol, fencliyl alcohol, camjdior 
and methyl chavicol. Since the first six of these have boiling points 
below 180'' they should be considered turpentine constituents which 
were found in the pine oil due to incomplete sepanition. The other 
five all have boiling jxfints abo\e C. and are the true pine oil con- 
stituents. Al])ha terpineol is probably the main constituent of ifine 
oil and it has been shown •’ that al])ha pinene and dipentene are the 
main constituents of the turj)entine. c 

The dilTerences between the wood rosin and the gum rosin can not 
be stated so definitely as those betw^een wood turt)entine and gum tur- 
pentine, since the actual chemical composition of the rosins is not so 
well knowm but the variation in certain chemical and ])hysical con- 
stants can be given. Jn color the wood rosin is of medium grade, 
K or F on the rosin scale, but wdth a reddish tint not found in gum 
rosins. The exact cause of this difierence is not kiKJwn. Wood rosin 
also has a lower melting point than the average gum rosin. Palmer 
.‘=ays on this point: “The cause of the low'er melting point is the pres- 
ence of a small amount of material wdiich ai)]H*ars to be in the transi- 
tion .stage between oil and resin ... of such high boiling point that 
it can not be se])arated from the rosin by dislillalion. ... It is doubt- 
ful if wood rosins of the lower grades can ever be jn'oduced which 
wilFmelt much above 5O" C. compared to the average of 62^ C. for 

’ “Uine oil” IS tlic ttrni wliuh has htm niiuh ustd as an KiikHsIi equivalent for the 
German word ‘‘kioiiol ” Tins Grrinaii woul is it.dly the rqiuvalent of our “dostructively 
distilled wood turiionlino” <iiid aftir thr in-vv I'oinnu irnd produot of .steam distillation was 
called pine oil mtuh <onfusiun u suited. 'I'lns l.itii uso ol '‘junr oil” has Japidly expanded in 
this couiiliy and is now in loniiiion iis.ij.*t in m.iikit qiioi.itions and tL'clinual literature. 

^Jour. Ind, }'ng Clicm, 6 , 

^ Jour, Am. Chern. ,So(. jo, 41.^ (1905). 

* S'e mi- Annual Reports, Apr., iyn>, 

‘h’oiest Service Jiiill. loy, j». 53, 
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from those from .^um rosin. The >iehls are fully as j^real hut the 
proportion of the dilferent fraetioim ute somevvhal dilferent. The 
evidence at hand now ^ee1us to indicate dial the ahietic acid in wood 
rosin is an isomeric fonu of the same body in j^um rosin, one in- 
dication of which is seen in its lower soluhihty in such solvents as 
lienzol, petroleum, na])htha, alcohol, etc." 

It is difficult to account for this ^reat difference in the composition 
between the volatile oils from the fresh oleoresin and those from the 
resin in the old wood. At first an attempt at an exiilanation was made 
by su^ti^^estinij;^ that the jirocess ol di.stilling^ the oils Ironi the wood 
transfofmed the two constituents of the original turpentine into the 
nine new comjiounds hut, with the jKi^'sihle exception of the transforma- 

^ Naval Stoics Kcvu'7V, Special Nuinlx'i, p Jn a letenl privati commutucalion 

Mr. I’altiicr states that tin inelling pmuL of Kilain e’omnu'rOal \v(«hJ losms is now much 
higher than 56® C. 

* These statements are all taken from I*almer, loi . iii. 
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lion of alpha pinene into dipentene this was obviously an impossibility, 
since steam at low pressimes and in short ])eriods could not accomplish 
such ^reat changes in com])osition. It has also been shown ^ that in- 
creased steam lem])eralure has no effect on the ])ro])oiiion of pine 
oil and that distillation at 50 pounds steam ])ressure is without effect in 
transforming ])inene into di])entene. Jt is, theref(»re, necessary to con- 
clude that all these constituents of the volatile oil exist as such in 
the resin and are formed hv gradual oxidation, hytlrolysis or rearrange- 
ment of the alpha and luta pinenes in the original fresh oleoresin. 
That the change is slow and progressive is indicated by the fact that 
steam distilled total volatile oil from green, fresh, sawmill waste con- 
sisting mostly of slabs (saj)wood) contains less j)ine oil than that from 
old stumpwood ( hearlwood ) and that no dipentene was detected in 
the former.'* It has also been found that the proportion of pine oil 
is less in the outside (young) portion of a log than in the inside (old) 
portion.^'-* « 

Accurate figures on the ratio of volatile oil to rosin in the resin of 
the ol<l wood are not available, hut the best estimate gives about 20 
l)er cent of volatile oil. 'J'his is in comparison with about 25 per cent 
volatile oil in the fresh oleoresin. 'The proportion of heavy oil in 
the volatile oil of the resin may vary from 10 per cent in green wood 
to 50 per c('nt in old stuni])s. 

It has h(‘en shown in ('ha])ter Jl of Part I that the yields of methyl 
alcohol and acetic acid from the distillation of softwoods are much 
lower than those from hardwoods. Aside from lliQ variation in the 
composition of the tar due to the presence of resin, it is not known 
what dilTerences may exist in the other products. It is not even known 
whether a non-resinous softwood gives a tar just like a hardwood tar, 
hut from general ap])earances there is no difference. It has been 
rejvirted that redwood, a softwood with very little resin, gives a tar 
with high pro])ortions of ])henol and cresol, hut no details have been 
given and it is believed that this is not the case with other softwoods. 
The only ex])lanation of this dilTerencc is in the high water soluble 
content of redvv^iod (See 'fable 4) since no other difference in composi- 
tion is noticeable from the chemical analysis. 

'’I’Vircst Itiill los, p. 

“ K(iit‘.st Siivut Hull. ]os, p 43. 

Forest Servici Hull loy, p. 22 . 

I'. S, Pat 1,305,407 



Chapter 111. 

The Decomposition of Resinous Wood by Heat. 

"J'lie (jocoiiipnsitioii of softwood |)\ fol1t>ws iiinrli tlic s.'tme 

course as llu' coniidiiated reaction dcsciihed for haidw’ood and. in 
the case (d* the hij^lilv resinous wood used coininercialK’, tlie jtroct'ss is 
further coiujdicated h\ the ])r(‘st‘nce td" consideralile (|uantitit‘s of resin 
and the jtmducts from the wood aie ini.xecl with the distillatutn ]iroducts 
of the resin. Knowing tlit* piojtertics of tlie tonstituents of the resin 
it is possiltle to discrilte the manner in winch the mixture of wood 
and resin distils when snhjectetl t<> j^radualh mcreasinL;- ttanjK-ratures 
'riie volatih' oils distil mosil\ hclow the tenijK ralure at which wood 
lie^ins to deconijtose stronj^ly, say 250 t', so that it mieht he a fairly 
simple matter to distil these oils before the w'ood distils and, there- 
fore, ohtain them free from ('ontammation h\ (he (k‘com])osition prod- 
ucts of the w'oo(|. 'This seems e\eii more leadiU possible when we 
consider that these volatile oils m tlu presence of steam distil below 
1(K)‘ and if there is enou^^di watei in the wood to furnish tlie steam 
thev nuRlit he completel\ distilled helow' 100 (’ d here are, how - 
ever, some dilficultus in the wav of acunujilishin^ this rt'snlt. W’e 
have seen that wood is a poor .ndiictor (u" heat, and when distilling; 
lart^e charj;es (d wood the tempeiMinie i;ra<henl between the outside 
and inside of a charge is \er\ raj)id, s.. dial slow and careful heating 
would he reijuired to obtain the distill. nion .»f tlie xolatili* oils with- 
out decom))osinj; a jiart of tlu“ wood '1 he preseiue of the rosin causes 
even more dilliculty since it het.;ins to decompo-t' at e\en lowin' tem])era- 
tures than the wood and since it lowers the \apor ])res.^nre of the 
tnrjieutine. Accurate tioures are not a\ailahle lor the minimum tem- 
perature of the decom])osiiion of rosin, hut in the steam distillation of 
wood it has been shmvii ^ that theie is .some contamination of the 
turjH'ntine when distilled from the wn>od at 75 pounds steam pressure 
( I Do" ( I and that this is prohahlv due to the hej;iiinin^^ of decomjiosi- 
tion of the rosin d he decomposition at this lem])erature is only 
slij;ht and it •is believed that e\en up to joo ' (' the volatile jiroduets 
given oil hv rosin are still small in amount. Higher than this, how- 
ever, the rosin begins to decom])ose ra])idl\ and ( '. is usually con- 

’ Roicst Service Hull luy, p J5 

ton 
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sidered the highest tcni]v?.rature to which resinous wood can he heated 
without serious contamination of the turpentine by rosin decomposition 
products. 

It would be expected that considerable turpentine would he driven 
off from re<iinous wood at temperatures near lOo® C., since a mixture of 
water and turpentine will boil below this temperature hut it is not 
until about 160° C. is reached that much distillate is actually obtained. 
The reason for this is jirobably that the water and the oil are not in 
contact in the wood and it is not until the resin becomes a thin fluid 
with the heat and begins to flow in the wood that much distillation 
can take j)lace. lliat such a fl(w does take ])lace is shown by the 
fact that with rich wood and carefully controlled lem|x.‘rature con- 
siderable quantities of rosin can be drawn off from the bottom of the 
retort after the tem]>erature has been held at t 8 o to 200° C. for some 
time. If the temperature is carefully controlled a\1 the turpentine and 
part of the ])ine oil can be distilled off before the rosin begins to de- 
compo.se. Then as the temperature is raised the rosin begins to distil 
rapidly, and finally the distillation ])oint of the wood is reached. Com- 
monly, however, these separate stages are not readily distinguished, and 
a mixture of volatile oils, rosin products and wood distillates may 
come over together from the start. 

The presence of the resin makes it possible to obtain a li((uid 
product from the bottom of the retort by drawing it off at some stage 
in the distillation instead of distilling it off through the condenser. 
It was noted above that with proper care an only slightly decomposed 
rosin could be drawn off during the first .stages of the distillation. If 
the retort is ta]q)ed at a later stage or if the tem|)erature is not con- 
trolled, a tar may be drawn off. If this tar is allowed to remain until 
the last stages of the process, a hard pitch may be drawn off. 

Before discussing the products of distillation it will be necessary 
to state what little is known about the composition of rosin distillation 
products, since rosin is such a large part of the raw material. Rosin 
has been distilled commercially for many years and many publications 
have been made on the .subject but yet little is known on the actual 
composition of the ])r()durts. A few indefinite compounds have been 
identified or at least have been named, but not even a table giving per- 
centages and boiling points or specific gravity of the oils has been 
published. The usual terms in which the products are described are 
the trade terms, .such as “rosin spirits,” “kidney oil” and “blue oil.” ^ 
It is known in a general way that on distillation rosin furnishes a very 
complex series of oils with boiling points all the way from 50° to 370° 
C., thus overlapping completely the boiling range of wood tar oils, of 
turpentine and pine oil. "J'he oils arc only partly soluble in or poly- 
merized by alkali and this characateristic can be varied largely by the 

•Shuey, Naval Stores Reviev, Special Number, p. 233 (1921). 
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conditions of distillation.* TUY is alxml all that can he said on rosin 
oils and indeed is all that is necessary for the fnftlier discussion. 

'I'hc process in which the tur])entine and pine oil are flistilled iirst at 
low controlled temperature's will not he discussed fnrtiier since this 
is not a common commercial practice, hut instead the more common 
process of distillini!^ in which all the products come olf more or less 
mingled and are collected togi'ther for further retinini.j. The discus- 
sion will be further limitc'd to the i^ocess in which all the products 
are distilled and none is drawn off the bottom of tlie retort, d'he total 
oily distillate will then consist of the turpentine and ])ine oil originally 
present in the wood, together with the wood tar and the rosin oils. 

There is a difference of opinion without data on either side in 
regard to the effect of different systems of distillation on the yield, 
composition and valui' ()f the oily distillate. It is conimonlv believed 
that certain retorts with ])oorlv arranged heating Ihu's may “hum up” 
the distillate giving low yields and poor (jnality jiroducts, but from 
wbat we have seen of the decoinpositi-m and distillation of the dif- 
ferent constituents of the raw material, volatile oils, rosin, and wood 
fiber, it is difficult to understand how there can be any noticeable 
diminution in yields of total oil exon with considerable sujH'rheating 
during the ilistillation ])rocess. 

To take a concrete instancig su]>])ose the maxinimn temiierature 
to which the bottom of the retort was heated was C., what would 
be expected in the way of loss of t<»t<d oily distillate'^ ( )nly a small 
part of the distillatt* waiuld nece-.sarilx be subjected to a temperature 
anywhere near as high as this, and c\en this small jiart would be 
decomposed into nonlicjuid jiroducts such as coKe and gas only to a 
small extent at this temperature. Snojiose to jier cent of the jiroducts 
are subjected to the maximum ti'inperature and thereby to per cent 
of this portion are decomposed into (oixe and gas, the total loss would 
be only i jier cent or a jn'avtK'ally neelieiliii' ()uantily. With any 
•reasonable skill in designing the beating svst^.n of a retort and reason- 
able care in O])eiation it should be jio^sible to keep the maximum 
temperature below 500'' (’, and obtain full yields' of jiroducts. 

ddicre is more to be said in regard to ijiialilx «)f juaxlucts, however. 
It has been stated that the coiniiosition ol the distillation ])r(.>ducts of 
rosin varied with the condition of distillation and that unnecessarily high 

temperatures would give more decoin])0',ition cd* the original rosin and 

• 

* This is for ihr reason that losin is slij^htlv volatile a llu t( iii|« laline fif its desttuetivc 
distillation afid, therefore, varvang qnantitus «it niuie<.(>niin'',.‘.| in','!] an vaixin/ed with llic 
volatile dceoinpositioii products If msin is i.mfullv distdlid iii a.kuo a vrij lat^e pro- 
portion can he olilamed as solid iindcioiniioscO ro lo, if ilistdlcd slowly ,it dtinospheiic 
pressuie a considerafily ptoiioi'ion ol mu Imoiu il losm is obtained and if distilled 

rapidly a still smaller propoijion In practice fif<in«ntl\ the inuh.iriKcd rosin is not wanted 
and the “tir.st run” oil is lodi-.ilkd in on.ei to dcioniposc it fnilher; the “second run,” 
“third run,” etc., oils resulting aic thinner and cont.mi less “rosin aiuls.” We have often 
wondered why a single distillation under jirissnu nnglu not acioniplish the same results 
as repeated di.stillations at atmosphciic pressure. 
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a profluct more like “secoiur* or “third run” oils. It is possible, there- 
fore, that the composition of that ])art of the total distillate which 
comes from the rosin may he varied hy the amoimt of siiperheatinj^ 
durin^r the distillation. So little is known of the detailed re(|uiremcnts 
of composition for these distillation products that it can not he foretold 
whether such a superheatin<( would cause an im])rovement ol quality 
or otherwise. 

'The elTcrt of sli<.jht suj)erheatin^ on the composition ol the t>ine oil 
constituents is not known, hut it is believed that the effect .is not 
serious. It i^' known, how'exer, that at temperatures above 250''' C. 
j)mene mav he transformed into dipentene. d'liat this does take place 
to a certain extent in coniinercial w'ood distillation iirocesses has been 
shown h\ the coni])osition of the relined wood turpentine. ( )ne wood 
tur])entine contained about 40 per cent dipentene instead of the 10 
])er cent norniallv pr(‘sent.'‘ d'his change of part of the pinene into 
dipentene does not result in any considerable reduction in value, 
however. 

.Softwoods are somewhat different from hardwoods in the distribu- 
tion of inetho.wl iirou])s in the distillation jirodiids.' d’here is less 
mctho.xyl in the pyrolij^nu‘ous acid, corresponding to the lower yield 
of metlu'l aU'ohol. 1'here is also k'ss inelho.wl in the dissolved tar 
and more in the settled tar from s(d’tw'oods. 'I'he effect of treating 
the softwood w'ilh s(»dium carbonate before distillation is nmeh the 
same as in the case of oak: the melho.xyl in the ])yroli^meous acid is 
increas(‘d and that in the dissoKed tar. die charcoal, and the ^i;as is 
decreased. With the softw'ood, however, the methoxyl in the settled 
tar is decreased ver\ consi<lerahl\ by the sodium carbonate. 

Yields o£ Products 

Idle (|uestion ol \ields o) turpenliiie, jiiiie oil, tar oils, tar and pitch 
or, in short, ot total oily jiroducis is one that is ajiparentlv not jirojierly 
comjirehended and that is the cause of many mistakes and failures. 
It has already been stated that the yields de])end almost entirelv on the 
amount of resin in the wood distilled and that this is a very variable 
factor. ( )rdinarv uiiselected saw’iiiill waste or j^reen limbs from lon^- 
leaf ])ine may contain onl\ about 5 jier cent resin and ijive tar products 
only a little ^i^reater in ([uantity and a little different in (juality than 
arc obtained from hardwood, say 27 i^al. tier ton of a black tar wdth 
about 40 per cent pitch A iioor tirade of lii^htwood may contain 15 
jier cent resin and yield per ton 40 ji^al of total oils, including’ a tar 
with a more brownish color and less pitch, while a very rich lightwood 
or stumpwood w'ith 30 ])er cent resin might yield 78 gal, of oil coii- 

Koicsi Si-ivicc Hull. No 105. ]» 5.? 

* llawlfy and Aiyat, Juio Ind. & ling CUem. /./, 1055 (ly..**’). 
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taining a tar of golden brown color and wry little i)itcb. The in- 
crease in yields with increasing resin C(»ntent* is dne to the niitch 
higher proportion of oils from resin than from wood, while the change 
in quality is due to the increasing proportion of resin ])rodncts with 
different characteristics from the wood tar. d he^e }’ield figures are 
computed on a basis of a yield of 7 per ctmt tar and oils from the 
wood fiber tSo ])er cent from the rosin and loo jier cent from the 
volatile oils. The “ton” is also coii'^itf-red as a ton of water-free 


wood and.the resin is assumed to consist nf So per c( nl rosin and jo per 
cent volatile oils. 

When the corresponding viehK are fignu'd on a cord bads the 
variation in the yields from the dit'feiaMit (pialilies of >\ood are even 
greater, due to the fact that as the resin content of tlie wood increases 
its weiglit per cord also increases, h'or instance, onlinary longU'af pine- 
wood with 15 per cent moisture and 5 ])er cent resin weighs about 42.5 
pounds per cu. ft. (see Table and an increase of resin content to 
15 [ler cent should increase the weight ]ht cu. ft. by an equivalent 

amount ' (i:; - - s 7) asMiming that the additional resin 

( r.15 ' ^ ^ / 

does not swell tlie vt'lume of the wo(»d \ cord of wood with 15 per 
cent resin would, therefore, weigh (425 1 3.7) So --- 361)6 Ihs., and 
figuring in tlu* same wav a cold of wood willi 30 jicr c(“nt resin would 
weigh 4136 lbs. .Since a cord of ordin.-irv wood with 15 per cent 

moisture is ecimhal^'iit to- - — “i |S dr\ tons, it will yield 


I.48X-7--40 ,gals of oil per cord. P'igui ing in the sanu' way, the 
wood W'itli 15 ])er cent resin and w(‘ighing 3fK)6 lbs. per c'ord will 
yield 75 gal. and the wood w'ith 30 pci cent rc'^in and w'eighing 4136 
lbs. per c'ord Avill yield 152 gal. of * ‘tal oil. 

ddiese hgurc's are beliexcal to nqncHMii wrv w’ell the commercial 
\iclds obtained from wood wiili such n-'ii contents, and at any rate 
they are good examples of the* x.irialion ni s loPK due to dilterence in 
quality of the x'’ood. d'hev sIkwv whv i' might he preferable to pay a 
high pric'e for a very rich w'ood rather than to distil ordinary sawmill 
waste which could be obtained very c'heaply. d he tar obtained from 
poor grade wood is also so near like hardwintd t.ir in (imposition that 
it is (lil’ficult to lind uses for it. 

It is a common practice to report xields ol oils from a particmlar 
process or a])paiatns wdthout any statement as tv) the cjuality of wc*)od 
used, but'wdth the inference lhat the high yields are due to the process, 
when the c|uality of wood and not tlu' process may have been responsi- 
ble for the faforable results'. Even when conscicmtiously testing a 
new process for distilling rc.sinons wood i*^ is very easy to be deceived 
by the unconscious selection of xcry rich wood for tlie trial runs. No 
publication has been made on the destructive distillation of resinous 
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wood and the author has never seen a private report on this subject 
in which yield figures Were accompanied by determinations of the resin 
content of the wood used. 

The charcoal obtained from resinous wood has much the same 
composition as that from hardwood except that it may contain a cer- 
tain amount of the 'Toke’" from the distillation of the rosin in the 
wood. The rosin which does not flow from the wood during the first 
part of the distillation finishes its decomposition while retained in the 
wood (or charcoal) and naturally leaves its distillation residue mixed 
with the charcoal. This tends to make a denser charcoal than that 
obtained from softwood with little resin. 

The gas from resinous wood distillati<jn is also affected by the 
presence of '‘rosin gas” which gives it a tnnch higher illuminating 
power than the hardwood gas. T.ikc the hardwood gas, however, it 
is used only for heating purposes at the ])lant. 



(Chapter IV. 

Refining Destruction Distillation Products. 

When the lt)tal distillate is (ondenstal toj^tMher the tar dues nr^t 
commonly settle to the bottom as in the cjse of hardwood distillation, 
but on account of the low e;ravitv oils piodnccd from the resin the 
total oily distillate is H^hter than the ])\r<>liiL;ncous acid and floats. On 
distilliipq’ a pine wood 'vith \ery littb' i)itch in it the tar would probably 
sink, but in any commercial ])lant distill in<:( wood that is pitchy enough 
to make a ja-ofilable operatitm the total oib' always float. Fii^nre D) 
gives the boiling point and si)eciric gravity curves for a typical total 
distillate from a wood containing about 23 ])er cent resin. There 
is no standard meth(Kl for tho separation of such a mixtttre into com- 
mercial products since different cinnmercial ])lants have developed 
special ])rodttcts for their custotnets or vaiy the products to suit the 
’demands of the trade. .S(Mnetimes tb - tc^tal oil as separated from the 
pyroligneous acid is^^old without luriner retming. A typical refjning 
operation will he described, ho\\t‘\er, as an example of a simple process 
with a small number of ])ro<lucts. 

The Oil 

The oil whose composition is indicated in Figure 20 is distilled 
with steam for the sepaiation of the oils w'’^ boiling T)oitits ttp to about 
ic)o° C. or the corresjionding gravity of aboiii o. .2. Since the principles 
underlying distillation of an oil with ^icam are not generally under- 
stood and since these pi inciples are irccjuently applied in resinous 
wood distillation, a short explanation Avill be given here. When a single 
liquid like water or a mixture of two imTcible licniids like water and 
alcohol is heated it begins to boil when the vai>or pressure of the 
liquid equals the atmos])heric iiressurc. The t^hysico-chcmical law gov- 
erning steam distillation .states that w'hen two non-miscible (mutually 
insoluble) diquids like oil and water are heated while kept in equilibrium 
(well stirred) the mixture will begin to boil when the siim of the 
vapor pressures t)f the two con.ditiient.s i-> equal to atmospheric pressure. 
This means that the mixture Avill hod at a temperature lower than the 
ordinary boiling point of cither the (»il 01 the water. Advantage is 
often taken of this principle to di.stil oils with boiling points above 
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those readily readied by pressure steam. Since the distillation of a 
mixture of oil and water is not convenient on account of still capacity 
and tendency to bump and froth, the same thing is accomplished by 
blowing live steam into the oil. 



Fig. 20. — Di.stillation Curve of Crude Oil from Destructive 1 )istillation of 
Resinous Wood. 


I’herc is another invariable law in connection with steam distillation 
which regulates the relative amounts of oil and water wdiich distil at 
the same time. If at the time when the sum of the vapor pressures 
of the water and the oil reaches atmospheric jiressure the partial pres- 
sure exerted by the water is twice as great as that exerted by the oil, 
then twice as much water as oil will (listil { measuring the amounts by 
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molecules, not by actual weight). That is, there is an invariable rela- 
tion between the amounts of oil and water distilling dej)ending only 
on the vapor pressures and the molecular weights of the constituents. 
This is the reason for the larger amounts of steam r(‘(|iiired for distilling 
the oils with high boiling point. 

Steam distillation is cc^nvenient and is fairly efficient with low 
boiling oils which require only small profioiiions of water to make 
the equilibrium mixture. It is S(ynetimes necessary in order to distil 
an oil. from a mixture when some component of the mixture de- 
composes at the normal boiling point of the oil. It is very inefficient, 
however, for the distillation of high boiling oils, since not only must 
the steam furnish iiractically the same amount of heat reipiired for 
the volatilization of the oil by straight distillation but also the beat is 
lost which is contained in the large (juantity of steam which goes over 
with the oil vajiors. 

Another kind of ste.im distillati<ni is sometimes used which may seem 
to be the same kind of an operation and subject to the same laws, but 
which works on a different principle 'fo cut down condensation of 
steam in the still in which steam distillation is carried out, closed 
steam coils are frequently used. If these closed coils are used only 
enough to keep down condensation but nut enough to heat the oil 
above its boiling point with steam, then the operation is like the steam 
distillation just described. If, however, the oil is heate<l bv the closed 
coils to a temperature above the boiling jioint of water there is no 
liquid water in conftict with tlic 01/ and the princip/e of the distilla- 
tion of immiscible lujuids does not hold. I'lii-re is no fixed boiling 
temperature nor fixed proportion between water and oil in the dis- 
tillate. d he laws which govern here au: exactly the same as those in 
the evaporation of water below it^ 1 toiling jioint in a current of air. 
'fhe temperature of the evaporation nureasis wn’th the amount of heat 
furnished by the closed coils ai^d decrease^, with the amount of live 
steam blown into the still. The i>roportMii of oil to water in the dis- 
tillate depends on the vapor pressure which in turn dejiends on the 
temperature of the oil. If the vaiior jnessure the oil is say, one- 
fourth the total ])ressure in the still, then the volume of oil vapor is 
oiie-fourth and the water vapor three-fourths. Ty healing the oil to a 
higher temperature a larger ratio of oil to water can he obtained in 
the distillate, ddie efficiency of this method as determined by steam 
consumption is greater than that of the regular saturated steam dis- 
tillation ai;d the efficiency increases as the teinjierature of the distilling 
oil is increased. 

This discussion of .steam distillation has been confined to a single 
oil of constant boiling point, but it can now be ajiplied to a complex 
mixture, such as tlie total oils obtained by the destructive distillation of 
pine wood. As in distillation without steam the lower boiling oils, 
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or the ones with the highest vapor pressure at the temperature of 
the steam distil lati(jn, Uistil first and fractionation according to boiling 
points is obtaincxl. Many ix‘Oplc seem to have the opinion that steam 
distillation is a "mechanical process” and that the specific gravity of the 



Fig. 2T. — A CfikU' Wood TurpciUinc from a Destructive Distillation Process in 
which All the Products were Distilled and Collected Together. 


oil is the factor which controls the fractionation, the lighter oils being 
carried in the current of steam more readily than the heavier oils. Since 
the lighter oils usually have the higher vapor pressure* this opinion is 
perhaps excusable. 

On distillation of the oil who.se boiling curves are shown in Figure 
20 a first fraction may be obtained whicli has a composition indicated 
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in Figure 21. This is a typical crude turpentine obtained from a com- 
mercial plant ^ and from it the refined wood turpentine can he obtained 
by a refining process consisting of chemical treatments and redistilla- 
tions. Figure 21 shows that the boiling points of this crude turpentine 



Fig 22— The Crude Wood Tur])entiii<- of 21 after Treatment with 
Causlie St)da. 

cover a .range of many degrees on both sides of turpentine (i55°" 
iSo'^ C.), about 25 per cent boiling below 155° C. and about 30 per cent 
above 180"* C.« 'fhe specific gravity of that portion boiling between 
155° to ISC'" C. is also very high for a pure turpentine. The frac- 
tions also were colored and had very disagreeable odors. By treating 

» Forest Service Bull. 105, “Crude Turpentine No. 3," P- 40 . 
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this crude turpentine with a solution of caustic soda tlie properties were 
changed, as shown by tfc distillation curves of the treated oil, Figure 22. 
The ])roportion boiling below J55'' was decreased, the specific gravity 
of all the fractions was decreased, and the odor and color were ini- 



Fig. 23. — The Ivcfined Wood Turpentine Obtained from the Treated Crude of 
Fif?. 22 by ITactional Distillation 

proved, l^y fractional distillation of this treated crude a middle frac- 
tion of refined turpentine was obtained whose distillation curves are 
shown in Figure 23. This is a typical refined wood tlirpentine con-* 
taining only a small amount of material boiling below 155'' C or above 
180° C. There is an odor and color in such a refined which can not 
be readily removed, due probably to rosin oils or oils from the de- 
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composition of the wood. (See composition of oils from hardwood tar 
insoluble in or iindecomposed by caustic socfa solution with boiling 
points between 155“ and 180° C., page 74.) 

In this refining process about 10 per cent of “light oils’* were ob- 



Fig, 24, — A Cnule Wood Tiirpcnllnc froiu a Dcstriiclue Distillation Process in 
which the Temperature was F<»!itrolled during the Distillation 
of the Turpentine. 


tained and about 35 per cent of “heav\ oils.” The light oils are some- 
times not separated from the turpentine, but are left in, giving a tur- 
pentine of lo \9 grade due to bad odor and low flash point. Otherwise, 
the “light oils” form a special pioduct used for solvent or disinfectant 
purposes. 'I'he heavy oils are soincliines redistilled to give a fraction 
boiling between 195° C. and 240° C., called a destructive pine oil. This 
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heavy oil fraction may also be mixed with higher fractions distilled 
from the total oil to nfake a product called ])ine tar oil. Depending 
on the point to which the distillation of the total oil is carried, the 
residue left undistilled will be either a “pine tar,” a soft pitch or a hard 
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Fig. 25, — The Refined Wood Turpentine Prepared from the Crude of Jug. 24 by 
'Preatment with Causlie Soda and Kedistillation. 


pitch. Often the residue left after the removal of the crude tufpentine 
is sold as pine tar, but more oils may be removed and still have “tar” 
left. * 

There are no si)ecihcations for pine tar oil or pine tar except those 
of the Navy Department. Idiese, however, are not consistent, since the 
pine tar oil, supposed to be distillate from jiine tar, need have only 8o 
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per cent distilling below 350° C., while the pine tar must have 87 to 
90 per cent distilling below the same tcmpei'^iture. Klar “ says that 
pine tar is commonly examined by smearing in a thin layer on a light 
colored wood. Jt should show a golden brown color, and the more 
rapidly it dries, the stickier it is, and the more it resists washing oil 
with water the more valuable is the samj)lc. 

Figure 24'^ shows the distillation curves of a crude turpentine ob- 
tained by a ilistillation process jn which some care is taken to control 
the temperature during the first part of the distillation and in which 
the crude ttir])entine is collected by itself instead of being mixed with 
the later distillates, 't his has much less material boiling below 155° C 
and the specilic gravity of the fractions in the range of turpentine 
temperatures is lower, showing much less contamination with rosin 
distillation products than the turpentine produced without temperature 
control. This crude turt)entine on treating with caustic soda solution 
and distilling gives a relined turpentine with distillation curves shown 
in h'igure 25, This refincfl lur})entiiie has a better odor and color 
than the otie shown in higure 23 and the temperature effect is also 
shown by the larger proiuirtion of the jiinene fraction (up to 165° C.) 
and the smaller jiroportion (»f the ditientene fraction (i()5‘^-i8o° C.) in 
the tur|K;ntine taasluced at the lower lemjieralure (see p. lio). 
Although this turpentine may be of higher grade and easier to refine, 
yet it is tisuall) considered that on account of the slight difference in 
market value the cost in increased time and increased ecjuipment is 
not justified and* few attempts are now made to produce such a 
product. 

The fraction taken for chemical retining may also be taken tij) to a 
higher boiling point so as to inclu<le the ])inc oil, and then a refined 
pine oil is jirodiiced. < )n account of the presence of rosin oils in- 
soluble in caustic soda with boiling points from 180° C. up, there is no 
sharp dividing line betwe-t-n the pine 01! and the turpentine and the 
pine oil contains a coiisideralile proporti"ii of material not found in 
steam distilled pine oil. A light brown oil can be obtained, but the odor 
is not like that of the uncontaminated oil. 

The caustic soda solution used 111 the chemical treatment con- 
tains various undc'comjiosed rosin acids and also some phenols. If 
the pine oil fraction up to .say 250" C. is given the caustic soda treat- 
ment a considerable amount of methyl ethers of iihenols (see page 
(j 5) will be in the caustic soda solution. On acidifying this •solu- 
tion bQth rosin acids and phenols will be precipitated, if the pyro- 
ligneous acid is used for this acidilication it is probable that a part 
of the dissolved tar in the acid is also precipitated, forming a mixture 
of rosin acids, phenols, dissolved tar and iirobably some neutral oil 

* Techtiologic dcr Hidzi’Ct kohUuig, p. .loS. 

• I'Otcst Service Bull. No. 105, “ 1 ui]u‘iiluic No. i, i» 34. 
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carried into solution with the alkali soluble oil or incompletely separated 
in the settling after the ‘caustic soda treatment. 

Pyroligneous Acid 

The methyl alcohol and acetic acid occur in the pinewood pyro- 
ligneous acid in .such low concentrations that it has seldom been found 
profitable to recover them. The proj>prtions of acetone and methyl 
acetate in the crude wood alcohol arc not knowai nor is it known 
whether any special difficulties in refining are encountered. The acetate 
prepared by the same method as hardwood acetate contains from 4 to 
6 per cent more organic impurities, due apparently to certain rosin 
products which are volatile, soluble in water and polymerized or 
neutralized by lime. 

Charcoal * 

The charcoal obtained by distillation of resinous wooil has much 
less tendency towjird s[)ontaneous ignition than that from hardwood. 
Only 24 hours’ cooling in closed coolers is sufficient before the final 
“seasoning” in the air. The reason for this is not known, hut it may he 
due to the deposit (d rosin coke in the true wood charcoal (see p. 1 12). 

Gas 

Since methyl alccdiol is not one of the important products, there 
is no necessity for scruhliing the gas to recover it. I’here are probably 
con.siderable (juantities of light oils in the wood gas from resinous 
wood, but since they are not of much value no attempt has been made 
to recover them. 



Chapter V. 

The Steam Distillation and Solvent Extraction 
Process. 

This process has been in use for st^ short a time that it is not yet 
well standardized in details and very little literature on the subject 
is available. The steam distillation ])art of the process has, however, 
been studied experi'Cicntally.^ 

Steam Distillation 

The theory of steam distillation of volatile oiK outlined in Chaptei 
IV applies in the removal of crude turpentine (turpentine and pine 
oil) from resinous wood by means c)f steam. There are, however, two 
additions that must he made to the i manciples previously developed to 
cover the effects of the presence of the wood and the rosin. The wood 
prevents free coytact between the steam and the oils to be distilled, 
so that there is not a true equilibrium and the ratio f)f water to oil 
in the distillate is greater than that which wotild be required to distil 
the oil by itself. The rosin also has a similar effect, due to the fact 
that it lowers the vapor ])ressure of the oil in which it is dissolved 
and thus decreases the ratio of oil to water in the distillate. 

Since the w'ood prevents free contact between the steam and the oil, 
the larj^er the ])ieces of wood the j:ijreatcr is this effect. It has been 
stated that the heat conductivity of w(u)d and the jK'Uetration of wood 
by liquids or vapors are {greatest m tiie direction of the <^rain of the 
wood and, thcref(»re, the variation in >\zc of the piece of wood to 
be distilled has the greatest effect in directions at ri»ht angles to 
the grain. Since the establishment of equilibrium between the oil and 
the steam is difficult on account of the iwotcctive elTect of the wood, the 
ratio between oil and water wall be varied by the speed at which 
the steam is blowai through the wood. With a very slow currAit of 
steam ‘almost the theoretical jiroportion of oil might be carried over, 
but wath increasing .s])eed of steam the ratio of oil to water would 
decrease rapiclly. 

It has also been sliown that the steam pre.ssure has a considerable 
effect on the results of steam distillation of wTjod, both on the total 

> The Distillation .if Kcsinoiis \Voo<l \\ith S.iltiraU'd Stiam, poi. Serv. Bull. 109. 

1-^5 
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yield of oil and on the ratio between oil and water. This is not 
because there is any noticeable effect of steam pressure on the dis- 
tillation of oil by itself but because the increased steam pressure by 
further penetration of steam into the wood brings better contact be- 
tween oil and steam, thus increasing the total yield of oil and the 
oil-water ratio. 



Fig. 26. — Steam Distillation of Sawdust at 0 and 40 Founds Pressure. 

Some of these effects are best brought out by Figures 26 and 27, 
which show the course of two experimental steam distillations under 
different conditions.^ Figure 26 shows the gravity of the oil obtained 
during the different stages of the distillation of sawdust, at first under 
atmospheric pressure and later under 40 pounds steam pressure. The 
gravity figures are plotted against the percentages of the total oil 
recovered. It is seen that up to 83 per cent the distillation is much 
the same as if no wood or rosin were present, at least ,as far as the 
fractionation of the oil is concerned. 1'he turpentine with gravity of 
0.865 distils first, then there is a rapid rise in the gravity of the 

*Ttiese figures are taken from For. Serv. Bull, log, pp. 27 and 28. 
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distillate until nearly pure pine oil is distilling. 'J'his indicates that the 
oil distilled up to this point was in contact w^th the steam from the 
.start of the distillation and that the fractionation was due to the dif- 
ference in boiling points between tlie turpentine and pine oil. 



Fig. 27.~-Stcam Distillation of Chips i"\ x at 70 Pounds Pressure. 


Beyond this point new supplies of oil were brought into cofttact 
with the steam, since the specific gravity decreases, showing that more 
of the low gravity turpentine is distilling which would have distilled 
previously if it had been in contact with the steam. Ihese new supplies 
of turpentine were brought into contact with the steam first by simply 
stopping the distillation for a short time and second by increasing 
the pressure. The effect of stopping the distillation is difficult tg 
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explain, but it is to be expected that the increase in steam pressure would 
cause the steam to penetrate the sawdust particles to a fi^reater distance 
and, therefore, come in contact with new supplies of oil. 

The same effect of pressure is shown in Figure 27 which gives the 
gravity of the distillate during the distillation of chips l" x VA' x I/2" 
under 70 pounds steam pressure. In the case of the sawdust most of 
the oil was on or very near the surface of the fine particles and in 
contact with the steam from the start.^ With these larger chij)s only a 
small portion of the oil could he near the surface at the start and, 
therefore, new supplies of oil must he brought in contact with the 
steam from the start. 'This is indicated by the gravity curve which 
is higher than |)ure tur|)entine even at the beginning and never gets 
as high as pure pine oil, although there is a tendency to increase as 
the distillation ])rogresses. In this case the pressure effect is caused 
not only by the penetration of the steam into the chips hut also h\ 
the flow of the resin toward the surface of the 'chip, since there was 
some rosin collected in the bottom of the retort and the surfaces of 
many of the chips were covered by a tiiin layer of rosin. Apparently 
the high temperature of this distillation decreased the visc'osity of the 
resin to the point where some flow was possible. 

The general results obtained In the experimental steam distillations 
were : 

(1) d'lie smaller tlu* chip the larger the \ ields and the higher the 

efficiency.'' ’ ^ 

(2) i he higher pressures ga\e larger yields without lowering the 
efficiency. 

(3) Increased sj)eed cH distillation lowered both the \ield and the 
efficiency. 

(4) Distillation at atmospheric presMire did not remove all the 
oil from sawdust, hut pounds ])ressure was sufficient for complete 
removal. 

(5) Fhips 1" X ’4" X were completel\ distilled at 50 j)ounds 
pressure. 

(6) Chips were completely distilled at 70 pounds 

pressure. 

(7) Seventy pounds steam pressure causes a slight contamination 
of the turpentine with low boiling oils which, however, can he readily 
removed by caustic .soda .solution. 

It has been claimed that passing the steam downward through the 
retort was more efficient in the u.se of the steam and in obtaining larger 
yields from the wood, hut this has never been investigated experi- 

® Efficiency is nu asuK'd h\ tlic aniouni of oil lirouplit ovor by a unit quantity of stcaTn. 
In no case was the ratio of oil to water as hipli as the tlnoulical ratio for sUam distillation 
under condition!, of equilibnuni. 
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mentally. It is iK»ssiblr that a little less steam mi^hl he used for 
heating the charge if i)asseH downward '^ince tilie water formed by the 
condensation of the ^team in h(‘ating iiji the top of the charge to 
100° C. would ])ass downward, give up its sensible heal to the cooler 
parts of the charge' helow, and leave* the ontle*t in the feirm of a cool 
liquid. This woiilel give a very slight advantage e)ver upward dis- 
tillation in which only vapor eoiild leave the retort. It is hard to con- 
ceive, how'cver, that any inere-ase of yielels e'ould be’ obtained by this 
method .and it is prohahle that the edaims maele for it are* a reversion 
to the old notie)n of the mvslerieuis and wonderful re^ulls from 
dcsfillatio per drsccnsiiiiL 

This experimental work e'eneivel only the use of saturated steam 
and no ex])erimcntal results have eve*r been rej)ort(*d on the use of 
superheated steam, although this has been suggested and is used com- 
mercially. So far as the removal of the oil alone is concerned it 
seems likely that sifi)erheated steam woukl have no advantage* either 
in efficiency or total yields, d'he temperatures which can In* used 
without causing contamination of the turpentine can lx* readily obtained 
by pressure steam and it is jirobable that some of the good effects 
of iiressurc steam, such as penetration into the chip, would not be ob- 
tained by superheated st('am. Superheated steam also has a very low 
specific heat, so that without special means for heating the surface 
of the retort or ])reventing any radiation it would be vt*rv difficult 
if not imjxissible to blow superheat<-d steam at say 160° C. into the 
bottom of a largf retort ami have the st(*am still superheated when 
leaving the top of the retort. In other words, the amount of available 
heat in superheated steam between 160"" C. and say 110° C, is so small 
that very large quantities of steam would be reijuired to heat the 
charge and distil the oil and the process would be in(*fficient because 
all the latent heat in the steam would be wasted. If the steam is 
heated above 160° C the charge near tlx* ^leam inlet will be overheated 
and contamination of the turpentine will result 

In steam distillation of wood previous to extraction of the rosin 
with volatile solvents it is more saving in steam to take out only a part 
of the pine oil (one-half to one-fourth) and leave the rest to be re- 
moved with the rosin by the solvent, d'he recovery of this residue 
of pine oil from the rosin requires less steam than distilling it from 
the wood, since, as has been stated, equilibrium conditions are not main- 
tained when distilling from the w’ood and the amount of steam req’uiired 
is, therefore, greater than when the wood is not present. It is claimed, 
however, that most of the pine oil must be removed by the steam 
di.stillation or, else its ])rescnce in the rosin extract will make the 
separation of the “nigre” incomplete. 
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Extraction of the Rosin 

Very little is known about the fundamental pnnci])les of the rosin 
extraction, (iasolinc is the only solvent which has been used com- 
mercially or with which experimental work has been reported, so that 
only this solvent will be discussed. A middle fraction of "jisoline, with 
most of it boilinj^ between ioo° C. and 130° C., is desired, so that on 
one band the losses due to th(‘ very vplatile portions may be avoided 
and on the other hand the hiijh boiling- portions may not be, present 
to make the solvent recovery diflicnlt or to contaminate the i)inc oil 
which is left behind in the wood aftiT the steam distillation. 

The i)resence of moisture in the ehi])s undoubtedly jaevents the 
ready and complete solution of the rosin. W hen the steam distillation 
is finished, even when superheated steam is used, a lar^^c ])art of the 
chips are saturated with moist un* and this must be remined before 
the extraction can b(‘ complep*. d'bis is aeconijillsbed bv boilini^ the 
chips in the solvent, whereby the water is vaporized alon^ with the 
solvent (princi])lc of distillation of two immiscible li(|ui(ls) and re- 
moved from the system. The commercial extraction tiroct'sses obtain 
much lower yields than the condition.s of amount of solvent and number 
of treatments would ^\\v if the solution of the nisin were complete 
in the first or even in tlie second or third treatment and if the ex- 
traction followed the regular countei current principle"^ after that. 
It must be, therefore, that many of the extraction treatnuaits are largely 
useful in removing the moisture from the chi)) and bringing the solvent 
into contact with more rosin, d'his is a point which reijiiires further 
experimental work, but such work is not ]>romising for small scale 
experimentation, since it is apj)arently difficult to ajiply the results to 
large scale ojie rations. 

Palmer and Pxiehmer did some Miiall scale ex])erinientation along 
the line of studying the effect of jiressure on the extraction process 
and were able to obtain high ])erccntage extractions, but commercial 
extractions are not commonly more than 75 ])er cent complete. It 
is said that a small scale extraction of the extracted chips from a com- 
mercial process with the same solvent and under the same conditions 
will yield very considerable additional amounts of rosin. It is difficult 
to suggest reasons for this incomplete extraction, unless it is the in- 
complete contact bet\vecn cinps and solvent in the large retorts used 
or the difficulty of removing the water from the interior of the chip, 
so that the solvent can come in contact with the rosin. 

After the extraction is liinMied and the last lot of solvent is 
drawn off the solvent remaining on or in the chi])s is Jtccovered by 
further steam distillation, d'he principles here are e.xaetly the same 

* Discotitinuous Extraction Processes, Jour. Ind. ling. Chem. p, 866 (1917). 

‘Jour. Jnd. ling. Chem , Aug., 1915. 
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as in the steam di^lillation for removing the onidc tnr])entine, except 
that iiKxst of thi* ro^in has Ik^cii removed and the process should, there- 
fore, he' easier and more efficient. Unless the solvent contains a frac- 
tion with hoilinj^ ])oints lii.^her than tho'^e of crude turiicnline it should 
he possible to remove the solvent even m(»re completely and readily 
than the crude turpentine. 

In an extraction process of this kind in which otlier ojierations 
besides the actual solution and washini^ out of rosin are carried out on 
the charge of wood in the same appaiatus holh before* and after the 
extraction with solvent, there is a necessarv relation between the time 
given to each of the diflVrent o])c‘rati(ais and the nnmher (>f cells or 
extractors re(|uireil.'' ’I his relation is e\] pressed by the formula 
n = l)(2c- t) -| ]){Jc -t 1 ) in which 

n — tiinr requir'd fnr all llie 'tpuatiniis In-sidcs the solvent action 
b = time reijuired* fot eai li boilme pi riod 
C=mmilHr of leiN lequirvd 

t == iiiiiiiber of scpaiate toatimiits villi sohent obtained by caeb 
charge of \\or»d. 

p=time reqiiind for tacli punipiiie jxnod 

This formula apjilies onl\ wlu'ii the punipinq oi the sohi'ut is simul- 
taneous in all tb<' cedis. The* apjdie'ation of this formula is show'ii in 
the followin.g exanijde* : Suppose it is decided that an extraction process 
requires t) treatments with sohent for each charge of chips, that 
the discharging of'*lbe exiiaded and steamed chi])s and the charging 
of a fresh lot will take one hour, that a turpt'utine distillation period of 
2 hours ami a sohent recoeerv period ol 2 hours ami 50 minutes wall 
be satisfactors , and that the inunjiing of the solvent and the* boiling 
periods will re<jmre 10 and 20 in: lUtes, respecti\'ely, bow many cells 
will be re((uired for the process? Substituting in the cajuatioii with 
n — ()o + I JO I 170 — 350 min. 
p ™ 10 min. 
b = 20 min. 
t — 6 

it is found that c — 0. 

It should bc‘ noted that although ( is an integer in this carefully 
selected case, a slightly longer solvent recovery period or any other 
change in the conditions might give a fractional \alue for c, indicating 
that the conditions r(.'((Uired could lu^t be carrle<l out in a smoothly 
working process, i.e., that ‘•ome tiart of the [jcoccss would have to \vait 
or be t)rolonged in order !<» keep in step with the rest. If, for instance, 
it was found »that in the <pcell ])rocess just outlined the .solvent 
recovery w.'is not complete in J liours and 5^^ minutes this part of 
the j)rocess could be lengthene«l only by ('Utting down on the time 

“ 1 law ley, Ninipental KOali-'Pi Intw^iu (dls aii.l I'u .iliiu i.l;, m Kvtiailiou rro(Cbbc.s, 
Jour. Ind. Eng. Chcni. w, 493 Oy-o). 
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for charging, discharging, or steam distillation, by increasing the 
number of cells, by increasing the piimj)ing or boiling period, or by 
decreasing the number of treatments. If in this case the number of 
cells is increased by one, the time for solvent recovery would be in- 
creased one hour with eveiything else the same, or if the number of 
treatments is decreased from 6 to 5 the time for solvent recovery 
can be increased by one-half hour without changing any other condition. 

In order to indicate in more detail' the course of a complicated ex- 
traction process of this kind, Figure 2S is gi\en which shows vliagram- 
matically the path of the solvent and the cycle of the various operations 
through the extractions in the nine-cell process already outlined, d'he 
path of the solvent is indicated by arrows, the arrows pointing up- 
ward indicating the concentrated solution, leaving the system and those 
coming downward to a cell indicating fresh solvent coming into the 
system. The symbols over each cell show the qix'ration going on in 
that cell as follows : 

s = steaming for solvent recovery, 
b = boiling. 

St = steaming for crude turpentine, 
d = discharging and charging. 

The boiling period is 20 minutes and the pumping period is 10 
minutes. For lack of space a complete cycle is not shown, but ex- 
actly one-half of a cycle is given in Figure 28 and this is enough to 
tell the story. « 

No mention has yet been made of the capacity of a battery of 
extractors in a system of this kind as affected by variations in the 
process. By studying the formula and the diagram it will be seen 
that the capacity of the system deiKMids only on the size of the ex- 
tractors and the time of the pumping and boiling periods. In the 
example given the time between two successive discharges of a cell 
is equal to two boiling jKiriods plus two pumping periods and no other 
variable can affect this time. This is a case where increasing the 
number of pieces of apparatus does not affect the capacity of the system. 

A similar discussion could be given on an extraction process in 
which, instead of pumping all the cells at one lime, each cell is pum])cd 
separately, the formula could be at)plied and a diagram drawn, but 
the general principle is much the same and the details can he found in 
the^original article on the subject.' 

Refining 

After removing the solution from the extracting system it is cooled, 
usually by a spray of cold water, in order to separate the “nigre” 
which is insoluble in the cold extract. The composition of this “nigre'" 

’ Numerical Relations, etc., he. cit. 
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is not known and no infnrmation is availal)lo on tlie details of its separa- 
tion. The solution nowr containing' solvent, pine oil, and rosin is sub- 
jected to a refining process for the separation of these constituents. 
This consists merely of fractional distillati(»n and is not difiicidt if 
the solvent does not contain high boiling fractions. The first ])art 
of the process is carri(‘d on more ellicientlv hv steam in closed coils, 
but when the boiling ])oint of the solution gets near that of the steam 
at maximum pressure live steam must he used to obtain the distillation 
at lower temperatures. With .soKent containing no ])ortion with 
boiling ])oints above 150"' C. the preparation of a pine oil (mininuim 
boiling ])oint 'JfxV' I’.) free from solvent is easy even without column 
stills or redistillalion. since the solvent fraction can be collected until 
no more solvent remains, even tluuigh some pine oil distils over. A 
small amount of pine oil in the solvent is no disadvantage, since it 
merely returns to the ])rocess and is not lost. Sometii'iies the solvent 
contains a fraction in or near the range* of boiling ])oints of t)ine oil, 
so that a complete separation can not be made, ribs accounts for the 
.'■ccond grade ibne oils on the market contaminated with pe*troleuni oils. 

ddie sejiaration b(‘tvveen the ])ine oil and the rosin is also simple, 
since it is a sej)aration of a volatile* from a non-volatile mate'rial. 
] fere is a good example of an o])eration in which steam distillation 
or some similar method of lowering the beiiling point is a lU'cessity. 
'rhe normal boiling jioint^ of the oil are as high as the de-eoinposition 
temperature of the rosin and at the e'lid of the o])eration. vvlie'ii there 
is only a little high boiling oil ])re*>ent in a large* amount of rosin, the 
boiling points are ve'rv miie'h higln'r than the* normal I'nde*!' these 
conditions steam distillation is r(*(|uired e'veii tbettigh large* amounts 
of steam are nece's.sarv to bring ove*r the last traces (d oil. Dining 
the steam distillation the closeel coiK are* use*el not onlv tei incicase the 
efficienev (see ]>. 115) but also to keep the losin siitlicientlv h((uid 
so that it will not foam and can be elravvn edT readily at the* end of the 
operation. 

The crude turpentine obtaine*d bv the steam elistillatioii of the chips 
requires only fractional distillation for its re*rming niile*ss there has 
been a little contamination due to high te*m])eratures, in which case a 
treatment with a small amount (d' caustic soda solution before distilla- 
tion is all that is required in the way of chemical tr(*atim‘nt. 'I'be 
highest boiling turjientine con^tituents, dipentene and cineol, boil at 
176'^ *C. and the lowest boiling pine oil constituent, fenchyl alcohol, 
boils at 202” C., s() that there should be no gn*at difficulty in se]);,irating 
them. I5y steam distillation in a simpk* still w’ithout a column it is 
not possible to make a complete .sej^aralion and, there foia*^ redistillatioii 
of one fraction from the first distillation is necessarv'. 

One of the difhculties w'ith this extraction process using a t)etroleum 
oil solvent has alw^ays been the loss of solvent, d'he jntmping and 
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boiling of the large (jiiantitirs of liol volatile solvent required by this 
process has led to losses which in some cases were large enough to 
make evne of the major expenses ot tlie process. ICither too high or 
too low boiling fractions in the solvent will increase the loss, the hrst 
on account (d hij^h volatility and dilfictdty in com])letc condensation, 
the second on account of <liHicnlt\ in removing from the extractetl 
chi])S by the steam distillation. It has been a common o[)inion that 
most of the solvent loss coiisist^r-d of oil remaining on the chips, but 
as has heen shown there should not be so much dillicnltv in removing 
a solvent of boiling ])oints Ix'low 150 hom tlu* chips as there is in 
distilling the turpentine fraction, and this is accompli died practically 
complelely. In fact, thcia is only oni* place in the present process w'here 
loss is nna\oidahle aside Irom llu* small losses alwavs occurring from 
leaks and incomplete- condensation, d his is at the tiiiu' when the solvent 
is first hnmghl m contact with a fresh charge of wood. 

I h(‘ s])a('es iKUwea-n the chip'> .and ahoxe and helow' tlu* charge are 
fdled wath air and llu- air is lorceal on( as the solvent comes in, 'This 
air will he nearlv s.atnrated with solvent at the leinperatnre at which 
it eseaapes If the air escapes ,at th(‘ teanpcratiire of the incoming hot 
solvent the loss will be considerable, but if the air is passed through 
a condeaiser the lo-s from this source should not be gre.at. Usually 
after the first Ixuling with M)l\(ail the e\tractor is filled with vapor 
.above the solve iit and jamipmg solve rt fiom oiu' extractor ti* another 
is accomplished wuhont the ('sc.ape of air s.atnr.ated with solvent. It 
is believed, theretoia, lb, at the lo^s of solvent docs not occatr in only 
one or two of tlu* o])erations but that it C made up of the very 
numerous smrdl lossses incident to the li.amlhng »)f smh large volumes 
of hot ^ol.atile materi.al. 

Combination of Extraction Process and Pulping Process 

It has been so ofttai suggested that the chips from an extraction 
lU'ocess should be used for m.aking ]>aj»er pul]*, that this subject will 
be discussed briv-llv. 'I’his canubmation of two processes using the 
sanu‘ raw mateii.al sfiaiis ideal aial it is bche\e<l to be merely a matter 
of custom and prejudice which has j)reveutcd its accomplishment. Idle 
men in charge of the extraction j)l.anls have hc'cn accustomed to pre- 
paring their wood lor the provc-^s bv .a method which is com])aratiyely 
simple, “hogging” and “shredding,” and which gives a chip apparently 
suitable' for the distillation and ('xlr.action operations, d'hese chips 
are. however, so irregttlar in <}Yd\K and si/c that no ptilp mill ojierator 
would coiisidei' using them even if tlu‘v could be obtained wdthout 
.exjXMise. Idle t^”b^ ojierator is accuslonu'd to a carefully pre- 

pared chip which is fairly even in si/e. esjiecially in the imjiortant 
dimension, its length with the grain, d here is no otlu-r important point 
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which stands in the way of this combination of processes. Longleaf 
pine stumpwood is a 'Suitable raw material for making pulp by the 
sulphate process and no necessary oi)eration of the extraction process 
need injure its quality fur this purpose. The frequently charred out- 
side portions of the stumpwood miglit be expected to injure the quality 
of the wood made from it, but it is surprising how much of this charred 
wood is lost in the chipping and extraction processes and how little 
the remaining portion altects the qualitj’ of the paper. If necessary also 
the charred ^vood can be largely separated betorc chipping, Some 
of the vvoi»d from commercial extraction plants which has been ex- 
amined by pulj) men has been condemned, and properly so, on account 
of discoloration or e\'en incipient charring by the superheated steam 
used ill the sol vent recovery operation. It has been shown that the 
use of superheated steam at this stage of the process is not necessary 
and that as gnoo or better results could be obtained by saturated steam 
at temperatures low' enough to avoid any effect on fhe wood fiber. Even 
admitting that all the solvent can not be removed by saturated steam, 
the remainder could readily be recovered during the cooking jirocess 
in the mantilacture of the pulp. 

If these points are alkwved the only concession that the extraction 
process must make is m the size and shape of chip. No experimental 
work has been reported on the effect oL length of grain of chip on 
the recoveries of rosin by extraction, but there is no doubt that pulp 
chips in length would be entirely satisfactory for the steam dis- 
tillation process. It has been stated that any process requiring pene- 
tration of a chip by vapor or liquid is affected mure by the size of 
the chip with tlie grain than in any other direction. Al.my of the 
ordinary extraction chips prepared by hogging and shre<lding, although 
they look smaller than chips prepared on a pulp cluppcr, are longer 
with the grain than the pulp chips. These chips are probably not so 
good for extraction as pulp chips would be and it is likely that evenly 
chipped wood with the grain would be as good as the average 
chips prepared for extraction so far as the size is concerned. It is 
also probable that the pulp chips would be e\en better than the ex- 
traction chips from the standpoint of circulation of the solvent. I'he 
tendency for the extraction chips to pack together and prevent free 
circulation of the solvent is due to the irregular shapes and uneven 
sizes and this would be largely avoided with the regular pulp chips. 

These points indicate that with very little concession on either 
side a combination process could be arranged so that one part could 
obtain a valuable raw material from what the other part wotild other- 
wise use only as fuel. * 
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Spirits turpentine, definition of, 105 
Spruce, white, analytical data, 37 
Staff ord process, 27 
Statistics, of hardwood distillation in- 
dustry, 29 

of softwood distillation industry, 94, 

95, 96 

Steam distillation, in refining softwood 
distillation products, 117 
Steam distillation and extraction proc- 
ess, 91 

Steam distillation process, T25 
Stills, for alcohol distillation, 22 
Stockholm tar, ()6 
Storm doors, on distilling oven.s, 16 
Sugar maple, analytical data, 37 
Swamp oak, yield of various products 
from, 44, 45, 46 

Tanljark oak, analytical data, 37 
yield of various products from, 44, 

45 

Tar, hardwood, composition of, C6, 

68 

distillation of, 75 
refining of, 74 
yield of, 28 

yields, compared with alcohol 
and charcoal, 46 
from various species, 45 
uses of, 33 


1'ar, softwood, 90 

annual production of, 95 
yield of, 112 
"J'ar kilns, 96 

Tar oils, annual ])roduction off, in soft- 
wood distillation, 95 
volumes distilling at different tem- 
peratures, 68 
yields of, 28, 112 
Tar pits, 96 
»i'ar separators, 82 
Temperature. See Heat 
'rerpineol, in jiinc oil, 106 
Tupelo, yield of various products 
from, 41, 45, 46 
Turpentine, 90 
annual production of, 95 
constituents of, 106 
delinition of, 105 
distillation pf, from chips, 134 
refining of, 93, IJ9 
steam distillation of, 91 
u.ses of, 96, 98 
yields of, 112 
per cord, 94 

“Turps,” definition of, 105 

Water. See Midslurc 
\\ estern larch, analy tical data, 37 
Western white pine, analytical data, 37 
Western yellow pine, analytical data. 

While elm, yields of various products 
from, 44. 45, 46 

White oak, yields of various products 
from, 44, 45. 46 

W'hitc spruce, analytical data, 37 
W'hittaker-Pritchard process, 29 
Wood, analytical data on several 
Species, 37 

classification of sjiecics, 35 
composition of, and analyses, 35 
and distillation value, 41 
composition of ash from, 40 
consumption of, in softwood distilla- 
tion, 95 

effect of decay on, 51 
heat decomposition of, 52 
moisture content of, 47 
nitrogen content of, 39 
physical properties of, 48. 49 
seasoning of, prior to distillation, 14 
sizes used in hardwopd distillation, 13 
„si)ecios used, in hardwood distilla- 
tion, 14 

in softwood distillation, 87 
wn'ight of various species, 50 
yields from various species and 
forms, 43 

WhH»d alcohol. See Methyl alcohol 
W'ond cars See Ihuioics 



INDEX 


Wood creosote. See L'icosoU' 

Wood fiber, composition of, 35 
Wood rosin, distinction from gum 
rosin, 106 

Wood tar. Sec Tar 

Wood waste, use in distillation, J5, 103 

Xyloquinune, derivatives from pyrolig- 
neous acid, 78 


r4i 

Ve11<)v\ ash, yields of \arioiis products 
from, ^4, 45, 46 

bellow birch, analytical data, 37 
bellow cedar, anahtieal data, 37 
^ ields, efft'ct of' moisture on, 58 
fn'in xarioiis species, 43 

Illation between heaitwood aild 
sapwood, 43 
jier cord, 24, 28, qi, 03 




140 


INDEX 


Rosin gas, 1 14 
Rosin oil, uses of, loi 
“Rosin Spirits,’" no • 
use of, loi 

Russian lurpentiiie, g6 

Sapwood, yield from, compared with 
heart wood, 43 

Sawdust, use of, in hardwood distilla- 
tion, 25 

Saw telle process, 26 

Scrubbing towers, in gas recovery, 

74 

Seaman process, 27 
Silver maple, yield of various prod- 
ucts from, 44, 45, 4O 
Slippery elm, yield of various prod- 
ucts from, 44, 45, 4O 
Soda ash. See Sodium carbouatc 
Softwood. See Kcsiuous zoood 
Sodium carbonate, effect 011 yield, 60, 
61 

Sodium silicate, effect on yield, 60, 61 
Solvent extraction process, 125 
relation between cells and treatments, 

131 

Solvent recovery, 92 
Specific gravity, of wood, 49 
Specific heat, of wood, 49 
Spirits turpentine, definition of, 105 
Spruce, white, analytical data, 37 
Staff ord process, 27 
Statistics, of hardwood distillation in- 
dustry, 29 

of softwood distillation industry, 94, 

95, 96 

Steam distillation, in refining softwood 
distillation products, 117 
Steam distillation and extraction proc- 
ess, 91 

Steam distillation process, T25 
Stills, for alcohol distillation, 22 
Stockholm tar, ()6 
Storm doors, on distilling oven.s, 16 
Sugar maple, analytical data, 37 
Swamp oak, yield of various products 
from, 44, 45, 46 

Tanljark oak, analytical data, 37 
yield of various products from, 44, 

45 

Tar, hardwood, composition of, C6, 

68 

distillation of, 75 
refining of, 74 
yield of, 28 

yields, compared with alcohol 
and charcoal, 46 
from various species, 45 
uses of, 33 


1'ar, softwood, 90 

annual production of, 95 
yield of, 112 
"J'ar kilns, 96 

Tar oils, annual ])roduction off, in soft- 
wood distillation, 95 
volumes distilling at different tem- 
peratures, 68 
yields of, 28, 112 
Tar pits, 96 
»i'ar separators, 82 
Temperature. See Heat 
'rerpineol, in jiinc oil, 106 
Tupelo, yield of various products 
from, 41, 45, 46 
Turpentine, 90 
annual production of, 95 
constituents of, 106 
delinition of, 105 
distillation pf, from chips, 134 
refining of, 93, IJ9 
steam distillation of, 91 
u.ses of, 96, 98 
yields of, 112 
per cord, 94 

“Turps,” definition of, 105 

Water. See Midslurc 
\\ estern larch, analy tical data, 37 
Western white pine, analytical data, 37 
Western yellow pine, analytical data. 

While elm, yields of various products 
from, 44. 45, 46 

White oak, yields of various products 
from, 44, 45. 46 

W'hitc spruce, analytical data, 37 
W'hittaker-Pritchard process, 29 
Wood, analytical data on several 
Species, 37 

classification of sjiecics, 35 
composition of, and analyses, 35 
and distillation value, 41 
composition of ash from, 40 
consumption of, in softwood distilla- 
tion, 95 

effect of decay on, 51 
heat decomposition of, 52 
moisture content of, 47 
nitrogen content of, 39 
physical properties of, 48. 49 
seasoning of, prior to distillation, 14 
sizes used in hardwopd distillation, 13 
„si)ecios used, in hardwood distilla- 
tion, 14 

in softwood distillation, 87 
wn'ight of various species, 50 
yields from various species and 
forms, 43 

WhH»d alcohol. See Methyl alcohol 
W'ond cars See Ihuioics 








